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ABSTRACT

This work adresses th2 application of digizal op*imum
control theory to a tank-to-turn missils.
A optimal guidance law has be=21 da2velopz2d 20d “ested in

ssvaral scenarcios, using a 2~D m>d2l. Effects cf
rat2, pi+tch angls, gravity and approxima+ions for small and

large roll sxcursions are discussed.
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I. INTBODUCTIIN

Because of threats <froam hijhly mansuvsr-adbl: nigh
performance aircraft*s and +*the need £for increase s+tarndoff
ranges, major improvemsnts are a22329 in guidance and
con*trol capabilities of missilss.

Th2 high maneuverability of targa+ts, has 1l:3 +o defenss
missiles capable 2f develop higher iif- acceleratiors and =o
mora complex con“rol laws, able to improvs p=2rformznce ove:
well know laws as propertisnal navsjga<zion.

In order to accomplish these n24 r2quicsm=arts with largez
standoff ranges, precpuision systsms asing airbrzathing
engines has beex studied and develop:2d in rcecan:t years.

Tha advent of airbreathing engiras 1leads 2actucal %o 2
ccasideration ¢f bank-to-turn aissil2as in order to minimize
+ne angle ¢f az+ack of the irlats.

The necassity of more complex <ccatrol laws, lsads in 3
genzral way, +*to th2 application of wmods=-a convzdl and =sti-
mation <heory, since mdre complstz informations ¢ +he
states of missile and targ2% are nscesssary than those s=azes
informed by sensors ccmmonly in uss 11 missiles today. This
leads =2 the use of a airborne compu<=zar.

The presant w>yrk adresses the dasign and svalua=ion of a
cp=imal 4igital contrcl £5r application %c “erminal guidarnce
in a tank-%4c-turn missiles.

One ccn*izruous <wo dimensional 154321 was adcpted, in the

following £orm:

X(t)= A(%) X(%)* B(%) u(t)+ E g (1. 1)

1




ANt 12N (R I St B4 WA BL G4 BL LR LS ERE R TSNS Sl LR AR At A AN AT AR AR L A S bt h e e SA AR A Al ek s of ShAE A ad A d A 20 c-L e
- . . . . . B -~ - . : - . ) " 2.

wvhare the effact o9f gravity appears explicitly in +he <hicd .
term on the righ hand sidz of 2xprassion 1.1,

After the devzlopment of a equivalent disc
tha optimal control problsam has been solved,using a
Ricatti equation due <“o the existance 9f +ths thizd <=2rm
representing to the gravity effect.

Nex+, several analysis has be2n made in o-der to check
the eff=scts of small and 1large roll excursiors, +the effect
of the sample rate on +th2 systen, and the 2ffect of the
initial pitch angle, in order o chsck *he validity cf such
+wo dimznsicnal model, when appliszd in som= scenaries of
interst.
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II. HODEL OF THE SYISIEM

o A. INTRODUCTION

AP

LA

ﬁ&‘ In -he present work the problsm 5f terminal guidancs for

.;) long range, bank-to-turn missiles #ith ramje+ 2rngines,using

.fﬁ a digitalized system has b2en investigated.

i;% The model developed in refarence 1 is us=2d as +*he bass

5 for this work. After the digirzalizaszion of %hat model, an

. optimal control law was davelopad.

-

o, B. ASSUAPTIONS

o Keeping the same assumpticns as in ref.1,on= has:

'if The missil is limited to =-2g's and +15 gt*s of ccamanded

f&; acceleration in *he pi%ch plane,with z=2ro lag.Also i+4s yaw

ii% auto pilot has zero lag, yaw r©zJjulator maintains zzrd

(; ) siisslip.

L Missile +*hrust exactly cancels irajg.

ng The angle of attack is assum2d <5 be vary small,which
k%i leads %o “he ccmmandad accelaration ac=ing normal <c¢ :he
N valocity vector.

.ﬂf The missile will not have <2 =911 *hzough a large

-f{ aryle. (Further considerazisns wiil give =c “his at <+he end
e of the derivation of “hz contrel law).

fi C. THE CONTINOOUS MODEL

éii Using “he same reference frames as in ref.l,2ne assumes:
225 -Bcdy frame wi*h x, axis parallsl <c zhe2 longitudinal

_ﬁf missile axis, positive y, axis out »>f the l2£f% wing ,and

R positive z_ axis upward. (see fig.2.1)

v
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pcinting to the left.(see fig. 2.2)

roll and pi“ch angles.
The sta%e vector is given as

. . T
= [y‘ y, Aty z, z, Atz Aﬁ]

I

where y, and z, are the components of the

nen+ially d2caying with a time corstaa: & .

ag- p-4

|

vhere @ is +ths initial -cll aagle (2t ==0).

The con<rol vecter is given as:

where Ac is the <ccmmanded accelaration

command=d roll rats.
The nonlinear plant equation is

14

“:‘o oy
» 'l . 13
[l 3 Sy N

vector,positive z, axis pointing upwards

and

-Pligth pa<h axis with x, axis parallel to the vslocity

axis

In fig 2.1 and 2.2, the angles ¢ and ¢ a-2 the Eulerian

(2.1)

relative +target

ani

Pc

pesition, y, and z, are the relative :arget velocity,A*y and
Atz are the components c¢f target accslera=ion,which is expo-

(2.2)

(2.3)

{2.4)
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or

[ .
Ye

Aty f'AC.S/N¢
-Aty /&

(2.5)

ZF +

Atz - Ac cos/é -gcos B

O O O o

1.
"

Atz /&
/% J

o

whace g is gravi:ty's accslaration 32d & is ks pitch angle
as seen in f£iz.2.2

ﬁ Linsarizing and setzing

(2.6)

1

]
o
Qa

one has

ro. 1T
Yr 0
lx6y4u4&ffosﬁé)zﬁ¢ .ﬂn;%
-Aty/& 0
z, + | O
: Atz .+ Ac(cos @) A
o Atz /5 o °°

(2.7)

x.
[ ¥]
Q0Q © © Qo
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LAMAENA A Y B A SN SL A YA S Y

E = [0 0 0 0 =-ccs@® O 0} (2.3)

in 2qn. 2.7,we have set
cos @ cos( 4 +4P8) =cosé cosdf -sing sin AP
singd sin( @ 40 =sing cosAﬁ#cos;ﬁo sin 44

and expanded in 4@ which is consids-ed small.

. ’ . . .
Now assuming +that Ac,which is actually the desirad
con<rel Ac, can be expressed in thz fora of:

i

' ¢
- 1- - - -
Ac Aco [ phy } (2.9)

with Aco = Ac at t=0, on2 has

X=ax+Bu+Eg (2. 10)
wh2-e
-~ h
o 7/ o © 0 o 0 (2.11)
0o 0 / 0 0 0 Acol/- ;‘-J cos 4
o 0 % 0 o0 0 )
/_\z o 0 o o s © 0
¢ 0 ©0 ©0 © 7 Aco [/——ﬁ’-} sm/ag
O 0 ©0 0 0 s v,
o 0 © © © °© 0
.
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5 D. THE DISCRETE MODEL
1. at=-oduction

p; W<k +the dinzrcducticn cf 2 digital cecmpuzer =o

con+rol the continuous-time sys<em,d>n2 has to have some kind

o of intarface in order *c <«ak2 cara2 of the communication
-~ between <the iiscrete and contiaucous-=ime sys<2ms.In +this
f} case i* will b2 considered, A-tc-D 213 D-=0-A conver=eTs as
EI sampliers ané zzro-ordar holdars as ia -efereacz 2.

s Ir such c:se, considec-ing =a2 sys+e

re

-

(<) = A(2) x(%) + B(Z) u(e) + E(2) 3(%) (2. 15)

17
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ore can write the state of the systa2m 1% time *({k+1} as :

t

Kol
x(t
Let L
*/ﬁ(tm ) EE@) A g(t))
‘R
where lé(t,to) is the
ssn+<ed by =2qn. 2.13. ‘
Furth2rmore, we will considzred %ha<

instants are a2qually spacad, cr:

- - =
“Kel tk T
te = kT + 7T

So one can replace

t, = kT

tkus,

2 (kT+T)= B(KT+T) x(KT)

KTeT
+/¢(kr+'1‘,/1) B(M) dq a(xD)
T
°TT
+ [ BxTeT, ) E(M) Ao 3 (kD)

L2

or in a simplified actation:

18
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-

W)= (5, ) x(t,)/;d(tm MBEAY dmou(t)

(2.16)

ransiction matcix of +*h=2 system repre-

~h

@D
in
4]
B8
ol
._l
[ &
3
Vo]

(2.17)

(2.18)

(2.19)

'- RN e L S
e e e T A T e e



s x(k+1) = Ay (k) x(k) + By (k) u(k) (2.29)

+ Eq(k) g(k)

whare,

P] Ag(K)= P (KD+T kI) (2.21)

Bd (k)=/¢ (kT+T,q’ ) B(ﬂ‘) dn‘ (2. 22)

B (k)=/¢(kr+r,~l ) Blq) dn (2.23)
kT

2. Calculation of the Mazzicss A(k), B(k) 2nd E(k)

po

It is straightforward %o show, using thes sparseness
of <he matrix A(%), tha*t the =ransic=ion ma<cix of equation
2-19 is :

/7 A4, 0 0 0 A4, (2. 24)
O f Ay 0 0 0 Ad,
0 0 €% 0 0 0 o
lhrsr) = 10 0 0 1 T A4 A4,
o 0 o 0 [/ Ad, Ad
0 0 0o o0 0 &% o
0 00 0 0 o0
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."_\‘ )
S where:
N -7
.:::\ Ad“ =Ad‘.‘= ET-82 (1= 76
A
-T,

Le Ad,, M4, = (1=e'%)
;;j Por the calculation of the oth2rs terms 2ne may make
;ﬂ; us2 of the property of the transictioa matrix that:
L
)
ot d (t ltn)
iy d8 (k) A(%,) Aglt, ,t,)
B dt,
... so'
2
s ¥
i Ag (KTT,
N dA (T AT) A (KT+T) Ad (KT+T,KkT)
o d(kT+T)
RN
et FPor A (2,7 :
o
oo

X Ad,, (kTT, (T

‘ ji--*LL-:JdﬁJL= A, (kT+T) = Aco [1- ;%-] ccs &
\ . d(kT.T) ' °
AN KTeT
= d Adgy (KTeT, k1) _ 3 % i I
o - -= Aco | 1 T!'i vasg
~:'.. d(kaT)
'~.‘ KYeT
o Ad,,= Aco c:s;é [1- -"-T-f---] A(kT+T)
\': ‘ ° Ti
s';\ kT
- A4, = Aco cssé [T [ FeT ] T ]
For 4 (1,7) :
~ KTaT, kT
:'f.-' -.‘.”A“.&Lﬁ-.’-i-).: Ady, (KT+T, kT)

kTeT

"“ d(kToT)

Ad,, (kT+T,kT) = Adud(kT*T)

A
DN

0

kT
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2Kk«
= 2] ST e
Ad” [T [ T i T3] Aco cos;{

Doirg the same process for 44(5,7) ard A4(4,7) ors
has:

Ad, = Aco sin g [ T2- [-"ET:E.'--] 1‘3]
s ) 2 ke
A = A - - - - 2
co sing L T \ ST ] T J

For the derivation of the wmazrix By (k) ons needs
accordiag *o aqn. 2-22

B (xT+T) B(9)= ag (KI+T, %) B(q)

where,
3 -
[ Am, Ay 0 O 0O 4q
g / A/q“ o 0O o A'l'z"
0 A"'a.a 0 0 o o
. Ad(kr#T,"} ) s 0 0 0 / A"".‘ 4'!) Ato"
0 0 “ Am
o O / A"l“ Aq'm
0 0 0 O O an 0
[
o 0 0 O 0 o i

. .
[0 0
L_.:':L sin g 0
i 0 0
o 0 0
IR -

f: pr) = - cos & s,
iﬁf 0 0
0 0 |
i

»:-i 21
~:

<




...............

thus - 1
An sng A,
sin 9‘0 A"l:,r
0 0

A(TTIB) = | pg cosdh Am,

- A
cos ¢° N
0 0
0
i 0
wh2re
An]" = kT+T- "‘ = A"lc,s
P4
= o (kTeT) _mi N
Aa\”- [ kT+T e "] + 2'-71_; :) Aco cus)do
- m - .z_k.:.l- 2 -
Anlw- [T(kf*d [ 2T } (kI+T}) T
2k+l.__ —~—
-'1‘4] + [-2-1:‘ } '1‘2/1 ]A-- "OSA
2k + | . -
Ao,",'-' [T(k]?*l') - [--Z-;i-‘-] (kT+T) T2
- Tﬂ, + [-2}'5-1},-‘--] Tzn‘ ] Ao sinﬂ
A = [kT*I‘- -(EI:-I)-- - + -1-2--] Aco Si'lld
qs,r 2 Ti 2Ti °

and for Bd (k):
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where

kT+T

BJM=/ (kT+1‘-’7) dy sing’ = e s‘_n%o

kT

2
By = - ";;‘- COSA

kT+T
Bdlal=j A"‘I."i'q

KT

which after some algebric work has been found

I (k1) (k7 )‘ (kT )
B (k)= -I- - -odet - 2Dk -K-T-,--J Acc cosﬁ
Z 3Ti 2Ti 6Ti °

and

kTeT

24,00 | 1 29
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3

= | Lo o o2kl :
B4, , (k) [.Z.- i [ T ]T’] Aco cosg ,

+hus

= I AL B2 £ I 3
Bg, %)= [ 5 3 [ Fr T‘J Aco s‘nfi
2

3 ™
12 (kT+T) (xT+71) (k1)
B k - e @ e wmen - - w- - kT - em-- A sir d
d"l‘ ) [ 2 3Ti 2T €T ° A

In the same way:

' 1

F‘(kr*r,oy) Em) = |-Tcosd

thus E (k) Is squal *o
Tl
_E=[0000 --2-3056 -T 038 0 0

where we have considerad & as a =constant angle. (Fur+h=r
commen<s cn this af+er development 5f th2 control law).

Notice tha+ througout this wozk ,th2 ccmaanded
accaleration has besn considered an unknown and “he assump-
tion has been made that i+t will be in =he <Zorm of eqn.2.9.
or2 wiil gne=2d in furthsr developmanis 4“5 considar <+he
contzol Ac as a known Ac(k) ,which will ba a constan= between
kT and kT+T. With such assumptions, th2 discrz<e -2presen-
tation of the systanm is =asily Zound =5 be :
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and

By (k) =

and

Egq (k)=
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IXI. THE ORTIMAL CONIROLLER

A. DERIVATION OF THE OPTIMAL CONTROLLER

In order to have a suitable guidaace lavw to implement

the control commands,we will 21inimizing <the followirng
performance iadex:
Met
Nt _
J= -21- X(R)W (R)x (n) + E -3- W'(k) 2 (k) u (k) (3.1)
k20
whare x(N)is the final state at t=Ti

As we want to minimize +the firal miss distance,the
weigh+ing ma%trix W(N) is takesn as

i / o © 0 o0 o © A

0 o 0 0 0 o0 o0 -2
o o0 o o0 o o o

o o o [/ ©0 o0 0

o o0 o o o0 o0 o

o o0 o ©¢© o0 ©¢0 o0

o o 0 o 0 o 0‘

and Q(k) is a two by <%wo positive definits symme=zic

weighting matrix t> be chosen.

Ir *he derivation of the solution, =rcefer=2nc? 3 has been
followed kezping 3in mind +that ths stat2 =quation has <h»>
£orm:
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x(k¢)= 2 (k) x(k) + B(k) u(k) + E 3 (3.3)

x(k+) = £ (x(k),u(k),q) (3.4)

whare <he +*hird term,which repressznz:s <he effect of <the
gravity has ba2en considered cocastant.
Considering that +the perfecrmancz index is in thz form:

N1l
I=g[xm) ]+ > L(k)[ x(k) su (k) ,ng (3.5)
k=20

we need to find a sequence of u(k) that minimizss J.
Adjoin th2 system equztior o J with a multiplisz X (2)

Net

J=¢[x(m] +% {L(k) [ X (K) 4 (k) .q]+ (3.6)

K20

T
+ A (k+ 1) {fK[X(k),u(k) og] - X(K""}}

and defining a scalar sequance H (k)

ol |

|
AR T A N
AT SRRy

[

B(k)= L(k)lX(k).u(k).q:'* (3.7)

»

r
+ A(ke1) fx[ x (k) ,u(k),g}

gr w2 W
il

el
. l.
-,

k=0'1'2'..o.n-’1

o~
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ona has:

T
J=;5[x(m] =AM x(N) o+ (3.8)

L Ad)

+ Eﬁ(k) - /\T(k) x (k) ] + H(O)

Kst
Considering differen+tial changes ia J:

l ﬁ.- - ’ + 3
= .

AHf) _ T
+Z{ [Jx(r) (k)} dx (k) +

#9_*19‘_), du(k)) ¢ Ql-_lLo_) dx (k) +
) 3 x(0)

Jul(0)

choosing “he nul4«iplier A(k) so *hat

Yo - 2HE

- - =0

(3.10)
d x(k)
*hus
a.l."li) + Ar(kg.” Q.ﬁ,‘_ = Ar(k’
d x(k) X(k




and

oHk) _ (3. 11)

o v(k)

with boundary condition

A = 8 (3.12)
o X(N)

we obtain ¢the minimizaticn of +the psrformaac2 iniex.

In the prasent case wa hava:

3= 5 Am xm + )y ok 20 (k) (3.13)

K:Q

+ )\T(kﬂ)[A(k)x(kHB(k) u (k) +E 3-x(k+1)]

and H(k):

R(K) = 5~ u (k) 2K a(k) e (3. 14)

o N (ke 1) [A(k) x(k) + 3(K) a(ki + E q]

, T
S22 =0 (k) Q(k) + AN (k+1) B(k) =9 (3.15)
vk
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T
or considering that Q(k)=Q0(k)

Q(k) u(k) = - B (k) N (k+1)

and
T
A(k) = IH(x) (3.16)
o x (k)
X(k) = )f(kn) A (k)
and
\J T
A(N) = x(N) ¥ (N) (3.17)

Notice <hat we are no+ weightiag the states in <th2
performance iadex, =xcep* the last stat2.2 moce gen=ral fcom
could b2 ob*airnad, with 311 sta¢ss bziag weigthing ,if ws

change <he =z2qn 3.16 to:

NK) = N(k+1) Ak) ¢ x(X) W(K) (3.18)

whar2 W1(k) is *ha weigh*iag matrix of “h2 staies,
i*h a2quaticns 3.15,3.16 and 3.17 ons is abla <o £ind
th2 sequencz 3% u(k) that will give thz miaima controls.
Such sext 2f egua+ics can be solv=2d by the swa2ep method
as in r=2f.2 .

We will 1ok for a solu*ion of *ha form:
au(k)=-F(k)x(k) -FPG (k) g (k) (3.19)
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wha+ means that the commanded acczleration and rTcil -ats,
vill have a correcticn du2 to the a2ffact of gravity.
Placing:

Ak) = S(k) x(k) + SG(k) g (k) (3.20)

from egn. 3.15
Q(k)u(k;=-aT(k)[;(k+1)x(k+1)+ss(k+1)q(k+1a]

from egn. 3.3

Q(k) u(k) = -B' (k) S(k¢1) [A(k) (k) + (3. 21)

+B(k) u(k) + E g] - BT (k) SG(k+1) g(k+1)

=To]

[Q(k) + B (k) S(k+1) sm] u (k) =
-8T (k) S(k+1) A(k) x(k) - B' (k) S(k+1) E g(k)-

-BT (k) SG(k¢1) 3(k+1)

considering that g is a constan+

a (k) =-[§(k> + B (k) S(k+1) B (k)] (3.22)
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3 [BT(k) S(ke1) A(K) X(K)+*

2
N +[ B (k) S(k+1) E ¢ B' (k) Sg(k+1)] g ]
so:
= u (k) ==PF (X) x (k) ~FG (k) g
whare
P = [Q(k) + B (k) S(k¢1) vs(k)]-l . (3.23)
« B (k) S(k+1) A(K)
FG = [Q(k) ¢ B (k) S(k+1) B(k{]J (3.24)
[a'(k) S(k+1) E + BTSg(k+1)]
from eqn.3.16 anrd 3.19
A(k)=AT (k) A(k+1)=A(k) [5(k+1)x(k+1)+ss(k+1)g(k+1)]:
=27 (x) S(x+1) A(k) x(k) + A (k) S(k+1) B(k) u(k)
+2T (k) S(k+1) B + AT(k) SG(k+1) g(ke1)
from egn. 3.19
Ak) = 2" (k) S(keT) Ack) x(X) + A (k) S(k+1) B(K).
[-rm xe0 - e o]+ aT0 s(ken £y e
+h S3 (k) g (ke1)
S0, as g is a constant:
‘ii S (k) x (k) +5SG (k) g= {Xr(k)S(k+1)A(k)-A(k)S(k¢1)B(k)?(k)]+
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+\AT(k) S(k+1) E - A' (k#1) B(k) FG (k)

+ A (k) SG(k+1)‘l q

+hus

S(k)=2" (k)S (k¢ ) A (K)-2 (k)S(k+1)B(k)F (k) (3. 25)
and

SG () =A" (K)S (k+1) E-A" (K) S (k+1) B (k) FG(k)* (3. 26)

+ 2 (k) SG(k¢1)

These equatioas, 3.25, 3.26, 3.23 and 3.24 c2a ba solved
backwards with the £izal zondi+ion:
S(N=W(N)

SG (N) =0

Nctics +ha%« <this satisfiss our pravisus boundary condi-
«ion in eqn. 3.17 vhere:

(Y) =W (¥) x (N)
S (N) x (N} =W (N) x (N)
so

S(N)=4(N)

B. EXTENTION OF THE MODEL FOR LARGE ROLL ANGLES

Up o +his poin+, o>ne has t5 *3ake into 2ccount “ha=
throughout <he develcpment of this work,<he angle has bsen

consider=2d small, it is nscessary > ©3lax <his resicic+ion.
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In order to d> that, the
blocks as in figure 3.1.

The first block is

which will calculate the optimal coanands.

a representation

systzm has been brocker iz <wo

of +h=

The 3algorithm has

algorithnm

.

contain with itself an exact model 5f “he svstzm or missils.

The model of the missile is initializ=2d from the

on the initial states, the

initial input command

iafermation

Aco and

ini*ial roll angle (a* +=0 ): and compuies th2 op+<imal gains

and further the

rissile.

The method adopted in computing
more easily understood if one consilers figure

In figure 3.2,
Ac and fcr Pc are the optimal
roll angle(#,). Lines number 1
initial roll angle(ﬁ,) larc ger

figure 3.2 one has a family
initial roll angle.

Notice +*hat *he upper line
*he accelerations
ordar

ini+ial roll anglz in

comands in roll rate.

In =he prasent mathod tha computar

¢ion of <+he commands only

+hen feseds these commands to

+then driven to “he next state

computer the information on the

roll angle fezd-backs from ¢the

algor-i*a as the ini%ial roll

commands ar2 calculated.Notice

algorithm will fesed +to “he
t=t,). This process is thenm
the inta2rcepted tinme.

3

sptimal commands whica will be

+he lines number=d as 0 in

of a missile whizh

for ths

£224 +0o *he
*h2 cptimal commands is
3. 2’

the graph for
commands for a given initial

are tha2 commaads for a second

thangd,
of optimal

Thus in
any

and so on.

commands for

th
F

of th2 graph o c
had at «=0 a
g

to hi+t <the =ar

pecfozms the calcula-~-
first stsp o2f +time and
Tha

ard f£2ed-backs o the

+he aissils. missils is
(x(k¢1))
roll angle a* that step.The
missils is censidered by zhe
t=0
hi

the s

ot

angla a ard -he naxt

ct
n

+that a<« second step +«he

1]

systa2a cend  command (at

repeated until = is equal *o
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It is impdortan® <+o realize that with <this me<hcd of

calculation, since the algorithm was develcped wizh <=he
assumption cf small o1l excursions some error is expec=ed
due to t+the fact that in computing <+he gzins by =solving a
Ricatti equation backwards,as has bs=n done,i* is rnecessary
to update the system from t=0 to =©=Ti at 2ach stap, and in

t

this process the roll angle is not small.Notice however that
w2 are applying the commands only in oas s*ap,andéd if one
expects +that the roll rate will da2creass %0 zero,as we ars
increasing in <ime, +the variation of +%h=2 roll argle will
tznd to decr2ase,sc¢c,we can 2xpec=24 that <“hes srror will
decreass as the time increases.

Another important pcint tc be studied is how the missils
itself (seccnd block in fig.3.2 ) has to be implemented in
orizr to be valid for small and lacge -oll excucsiorns.

Fh

It is considered <hat one has <he pezfzct knowledge o
th2 commards, thus the missilzs is wmodzled as a stats vari-
able sys+tem as in eqn 2.26 with the ini+ial roll argl:z b2aing
update at each step. I2 this way “h=2 system will =ak=s %hs
ini+ial roll angle as th2 summation of all previcus ini+ial
roll angles. (see f£ig 3.4)

FProm the origiaal variables ons has fcr +he s+tate Aﬁ.
+he follcwing:

A+ =8B (x)+ Pe(k) T (3. 27)

which 13 shew in £igg. 3.3, where th2 initial rsll angle is
kept constant and Aﬂf is apdate each st#p.

Notice however tha+ consideriagy 1largs zoll excursions
(see fig. 3.4) and keeping in mind that the 2nqgle

b2en defined as

Be for o8
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the expression 3.27 is not valigd, since in acisling thse
systems it was assumed that 88 would be samll.

This leads to a change in <the zxpression £or the varia-
tion of A¢ as in fig. 3.4. In fig. 3.4, <+h2 anglas 4gis
update at each step, so ons has:

Ath+1)= Pc(k) T (3. 28)

> ]

By consideration of the equation 2.27 it can be see
that by set*ting *ha element A(7,7) %0 zero, 9n¢ can obrtaim
equa“+ion 3.28.

Thus the missile model for largz -oll excursions will be
rapresented by th2 fcllowing equa*ion.

x(ke1)= A (k) x(k)+ B(k) a(k)+ E g

whare
/! T 4, 0 0 0 -
: (3.29)
© + A,, ©0 o0 0 A,
-7
0O 0 e° o0 o0 o 0
Al k) = 0 0 0 / r A “ A “t
o o 0 0 [ A, .
-7/
O o 0 o0 0O e’ o
0o o0 O 0 ©0 o Ay
L ]
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where A(7,7)=0 ,for large roll excursiosns
A(@,7)=1 ,for small roll excursions

[ 2 T3
—} sin g, < Ac COSA
T?
T sin &, - Ac cos &
o ,
0 (3. 30)
3
B = . ; cos 4 -E— Ac sind
4
-Tcosé {—Acs"‘,
0 (o}
0 T
! |
o
(3.31)
E = .IE cos @
z
- T cos ©
o]
o)

We will radefine +he statss x,, 3s <th2 relative posi-
“ion, x; as =he relative velocity in <he Y dirzction ard x,
as the <targst acceleration in Y direction. The stazas x, ,

X, and x, has the same meaning, pus in <he Z 3Jizectior and
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x, is Aq‘. In *his ceprssentaticn of the sys*sm, x, (k) i
equal to <the comporent £ the miss istance alerg +=h=a Y

direc+icr and:

x, (k¢1)= v, (k+)= y (K)+ 7, (X) T + (3. 32)

+[c - 32 (1- ¢ % )] Aty (k) +-}‘— Ac(k) cos@d Ag(k)

+ -E: simé Ac (k) + ;EL Ac (k) cos;ﬁ Pc(k)

The first three terms in the RHS of eqr.3.32, ace easily
sa2n as +he contribuition tc¢ +the miss Jdistance of respec-
tively the previous miss distancz, rslative velocity anid
target acceleration. The following two “z2rms rspresen“s thz

w

contribuiticn c¢cf the command2d acscslz-a+ion 2and <he last
term rzpresents *he effect of couplzd Ac and Pc, and *e
to be small due =0 the cub2 c¢f the saaple pearisd,

For the componsnt of miss distancs in the Z dirsc*ion,

on2 has:

X, (ke¢1)= z (k¢ = 2 (K)+ Z. (k) T+

2

[5 1-32(1- &%) Atz (k) + -;-- Ac (k) sing Agx) -

+

T2 T3 . : Tl
=3 cosﬁo Ac (k) + e Ac (k) a..nlcg Pc (k) - -3 ccsO g

where its *“erms have +<iae same physical wm=aning as ZIr +<hs

(&)
QA
Qo

exp-essicn for x (k+1), with th2 z2ffect of thz gravi<y ai
+o the 2xpression.
Since one can notice tha% in ftae —rcepresenta:ion of +the
e

miss distance in Y direc*ion appear two :tarms azs a function
¢f cos g , and in the rspressptaction of ths miss diszancs
in Z direction appear two tarms as fuaction of s;n;{ , it is
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interesting to verify that +the fourta term 3in the RHS of
bcth expressions acts liks a correction for the fif<y <=rm.
Refering to fig. 3.4b, one can see that at any step of <ime,
the commanded acceleration is actually,

Ac coslzg -4AAc
and considering small angles:
4 Ac= Ac cos@, - Ac cos(g, + AF) =
Ac cosd, - Ac [cosg a9 - sinAsinA¢]=
Ac sind Ag |

The same idea can b2 applied to <the sxpression for

x (k+1).
The terms x, and x;, rapresan: the relative velocivy,

and are:
- S
X, (ke )= y_(k) ¢ & (1- o ) Aty(k) ¢ Ac (k) c:sg T

2
+ Ac(k) sinf T + -}- Ac (k) cosg Pc(k)

. T
x, (k¢ 1) = z, (k) + B (1- e/") Atz (k) + Ac(k) si:;do T -
2
- Ac (k) ccs}ég T + -Tz— Ac (k) sin;zf, Pc(k) - T cosB g

Where the two first terms in *he RHS —rapressnts the effscs
of the velocity and acceleration at a previous step, and %he
a

cthzr three terme has the same meaaing as pravisusly st

The terms x, and x; are *he targs« accels2rations, ir

AN *his model being expcnen*ially decayiag.

;;:_'. . ) ) )

7.3 1. ZEZfscts on the Miss Diszance of hs 2xzzasicn of the
’ﬁ Model

A

@~

;;,'}; In pravious subsection, a 2x%tznzion of the model for
0 large r£cll excurssions has been perZsrmed. Notics +h~% <here

-ZjZ are *vo models o0f “he system being ussi. The €firs+ one, used

L
]
Uy
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Fol PR
D in *the algorithm is valid only for szmll roll excursions,
T
g; and a sescond mod2l, valid for small and large rocll sxcucs-
xS sions used as a representation of thes missils.
~,

The algozithm with the first moédel, as 2xplained
before, is iInitialized 2t ezch st2p with ths acrtual roll
angle of <the missil, and vperforms the calculatiorn of ths

R~ ¢

comands.

In orler to check the effect of the extzn+isn of ths
model on the miss distancz, one «can iefine a ideal initial
roll angle( @o,.... ), as tha roll argls at t=0 in ordsr to
have +he <comaaded accelaration vactor pointin +o <he
projected final “arget's positice. This means *“ha* the
missile woull not have to -o0ll te hit +the target (see
fig3.5 ), <+hus thes commanded zoll rate calculat2d by thke

algori+hm will bz equal *o zero. This impliss tha+ freom +hat

n

point aheaqd, the roll arngle is constant ard equal

0 Do ,uear ¢ and =hat the time history of the control Ac will

~

be 3 straigh+ line.

The fact “ha+t the roll anglz will <end to this limi+
des2rves an investigation. No*ic2 zha:z, as show in fig. 3.2
ximum -9211 angle, =he
control Ac will be *he required acczl2rzticon %o hit <he

w

28 Do iu * Tkis
means *hat <he contc-el Ac comput=d would be correct 2nly if

at *he moment tha2 missile reachs i23 a2
target if +he missile initial r2ll angle

“he missile would have rtucned immediazly =o +his z2ngle.

For va2ry small angles, *hz previous commeat wcoculéd be
acceptable, but in a normal situa:ion, as showsd in
figure3.5, ¢th2 aissile will oaly <tc=2ach the id:za
Toll angls after some tim2, and 3Jus 0 +he vartical ccmpo-

s

be in a position abecve <the ideal trajectory, which maans
that i+t would fcllow a course parallal %o the idz2al =rajec-
tory %o intercep*.
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Ore can s2e that such problem will lead <o a laczge
miss distance, in the case that th2 target acczlera<iorn i«
is not small. Thus, some correction is necessary in order *o
imprcve the missile performance.

Figurs2 3.5b shows the missil at some point of it

n

ctory where i+t has rszach its maximum roll angle, <hu

ot
01
-u.
n o
1]

at a parallel ccurse with its idsal trajectory *o
ntercept. Az this poiat, since all the statss are known,
it is possible to recompute a na2w ¢.d“‘ . So, if at this
t the computer is £f2od4 with with *he states a« this
peint i+ will compute +the commands in order to drive th2
missil to the new Qidﬂﬂ ¢ Which will iIntroducs the desired
correction. Notice that such corr-zction can be made during
all the flight, from <=0, to +=Ti.
In the present #ork this method has beer accom-
plished by feading-back to the comput2z tke roll angle ard
all the sta*tes of the missile. With <+his ianforma<icn ths

(1]
[ 7

computer is able to perform the cal-ulation of the corrcszct
commands a+ 2ach step of tims. how2vesas <he states are
being updatad, it is also nscessary <o upda<=2 <the zinm
intsrcept, which has been done using the %ime +to gc =¢

intercep+, or:

- kT

.‘~

Ti (k) =

+3

where Ti is the nominal *ime <o in*zrcapt.

C. SIHULATION

In order to keep the same assump=ions as rceference 1,
+ha ma*zix Q (weighting +*he coatrzol) has been pu
suggesta2d in such referencs or:
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b, 0 (3.33)
0 b,

with
b, =5.78 103
b, =5.0 meters

ive diffarent cases ware zua:
Casz 0, +ested with one simpis wmodzi valid only fe:
small ©oll angles begins with missil and tacgst on parallel

s
ccurses to the inertial x axis, th2 %arge= 100 metars above

+he missile and with an evasivs manocever =xponentially
decaying with time constant of 2) saconds. The initial
accz2leration 2f *arget was -.5 g's in y dirsctzion.(=2se fig.

3.6)

Case 1, with the same scenarios as case 0, bu= was rua
using the algori*hm fcr large roll =2xcursions.

Case 2,is <h2 same sca2nario as in case 1, except +haz
the ini+ial acceleration 2f “argst was -1.0 3J's in <+he ¥y
direc*ion. (Same as case 1 ia ref. U .

Casz 3, the sam= as c23e2,with targs+ accelzraticn cf -u
g's. ( Same as case 2 in the resferencs 1)

Case 4,same as case 3 but with tacge: at initial posi-

+i5n 600 me+ters bellow th2 missile.(Same as casz 3 in rcefar-
sac2 1.)

D. COMMENTS AND CONCLOSIONS

1. Pesul:s

missile bagins its +<raj=ctory

In case 90, th
ccmmanding 26.5 m/sec2 and the tim2 history of *he cont:sol
Ac £ollows exactly a straigh% line I: +*he fo-m suggested in
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ref. 1, as seen in fig.3. 7The control Pc, baqininb a*+ .35
rad per second, 1is decaying and c2achs zero at k=80 (sec
fig.3.8). Pigures 3.9 and 3.10 shew “hs miss distance, where
one can see tha*t the missile is crossing the target with a
CG-t0o~-CG distance of 1.5 m2ters.

Figur=3. 11, shows the <tim2 his<ory for the roll
angle, which as expect, reachs a c-onstan*t valus, with the
missile crossing target at t=Ti, with a bark of .44 cadiarns.

In case 1,which was run with <+hes model for lacge

roll excursions, the missile kept *h2 same Aco, but *her2 is
a very small 1increase in further commanded acceleration i
crder <=¢ <correct *he effect of the roll angle cn +th
ver=ical component of the control Ac, as seen in f£ig.3.1
and table I.

Figurs 3.13 shows that 12 roll rate decreases
almost as b2fore, and +hs final =511 angle is .42 rds, as

shown in £ig.3.15 and tabls I. Refering <o figurs 3. 14 <zhere

=)

P

’

is 2 change in the final miss distance, which is better <%han
cas2 0, due to a improvema2n:t in its Z componen: (see =ablz
I). This resul*s ina final CG-:>-C3 npiss distance of .65
metars.

In cas? 2, the missil2 has th2z same Ac at <=0, bu*

5,
o

h the corraction for roll angls being incrsased due to
the increase of <*arget accelaration (see f£ig.3.16), +he
commanded Ac r2achs a larger peak valas.

The initial value of the coamandad ©oll ra:e
radians, which is larger than case 1, 3iue to *he incr=ase i

e

+*ha +arget accelera+ion. In figurs 3.18, ~here is 1o
noticeable change in “he shape of <he curve for 2z dircec*icn,
and in the Y diraction tha £final diszance is about th2 same
as in case 1. Tne CG-to-C3 distanc2 at t=Ti is .73 meters.
Th2 larger rell rate leads to largar roll anglas as seen in
fig. 3.19, where tha final roll aagl:z is .72 radiams.

AN SRR AL A IS ) Th g A de i SR Bed A Jege Sngt ard o0y




The effect of target accelaration can be easily seen

in case 3, where one can see that with “he same Aco, *he
accelerations are largelly increased f-om this point, and
th2 missil begins its trajactorsy with very high roll
rate (see figures 3.20 and3.21). Thare is a change in *“he Z
componen+t of the miss distance, that decreases iis final
value to .05 meters, but now the aiss dis*tarcz in Y direc-
tion is made worse as shown in figurz 3.22, which leads to a
final CG-t0-C3 distance of 1.5 metars. In £ig.3.23 one can
se2 that the missile crosses +the targe: wi*h a bank angle of
1.26 radians.

In case 4, due to the position of targst 600 met=ars
under *he missile, <the initial commanded acceleration is
negative and reachs the limit of -2 g's. The Iinitial roll
rat2 begins at a smaller value than in case 3 but increases
during <+he inicial part of <he flight =reaching its peak
value at 1.75 seconds whan again as in *he ©pravious cases
begins “o dscay. As +he missile baaks tc roll anglss larger
than 90 degrees, *he accaleration go2s %o positive values,
as seen in figuras 3.24 and 3.25 Figucs 3.26, shows <the
werse case among *hese in <raspect =5 tae miss distance,
mainly in +he Z direction, and in the fizal cg-*o-cg
distanc2, which is equal to 4.43 matars. Alsco the £inal
roll angle of 3.0 radians is <he largest 2m5ng all thase
casss, as ssen in fig. 3.27.

2. omments

Defining the proj2cted zaco 2ffort miss distazce
(ZEM) as the n1iss distance <he missil2 c-oss the *a-ge+ with
no commands. I+ can be calculatsl a1t =0 as <+he iaizial
dis<ance betwean target 2and missils plus the miss dis+ance
du2 to <he gravi+y or:
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ZEM = z (0) ¢+ -7~ g t2 (3.24) .

which is equal in all the three first c
In the first +hree cas=ss,the ipitial missile's
commapded acceleraticn is the sam2 as seen in +¢a2

Considering that the con“rol Ac aacessary *“o correct the
iritial miss distance can be calculated as:

ZEM
Acuuo =l---.‘---‘..l.--- = 26.7 (3. 35)
Ti Ti

2 ]

which is clcse to the initial control Ac.
This suggasts that the inictial Ac¢, would be that cn2

necessarcy *c correct *the initial 2ZEM in 2 direction, which
agrees with raference 1. VNotice 21owaver tha* in all cases
the ini+ial Ac is less *than the =3alculsat=2d vailue of Aco,

OMs 2ITOT Was

v
which agreas with “he previous s+tatzmsn+t <hat s
exp2¢c*ed in *he ini+ijial part of th2 computa+ion

Consijsring <=he id=al ini+iial =r£oll angiz as defina4
before, ore has:

= sane ZEM,
¢°.dul = +ap E-E.NT:-- (3.36)

Frem table I, aad figures showing roll angles, it
can be verified that the missile 1is baaking <o rc=zach angles
- &
larger than ¢°.4¢.l ,
hit the target.
Therefors,in all cases, *+*h2 wmissile begins its
)

in <crder o corract its <“rajectory to

t-ajectory wi*h an Aco (discussed before
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which is propor+ional +o the targst acceleratiosn in +h=2¥Y
diractiorn. As *he missile rolls at decreasing roll ra<es,
+the «c¢cmmanded cceleration is changad in ocder for <o
conpensate “he 2ffect of the roll aangles on its Z direc-ion
component.A* some *ime when the control Pc is zero or naear
zero, +the control Ac begins to f31llow a linsar 1law, as

suggest24d in eqn. 2.7:

= -t
Ac= Aco [1 Ti ]

i
Notice however that the term Aco in thls equz:-ion is no morz
+h2 actual initial ccmmandsad accelara+tion, but “hat one the
missile would have if its initial roll argl:z was egual %o
tk2 final .

Such behavior defines a boandary in the <cecntrol Ac
which is clearly seen in 3.29, wher2 the commandzd zccelsra-
tion is bound2d by the curva of *hs control Ac *he missile
would have if its initial ¢° was 2uzl <o ;Zfo.d“l(or, if no
commandad roll was nscessary to cteach the targez).

Althoug *“he missils commands r>ll anglss larger %han
the ideal initial =re¢cll angls, it is possible ¢to dc a
prediction- with no no computer work- of an aproximatior for
tha maximum acceleration the missils would experiasnce during
i+s fligth, as following(sce fig. 3.32):

Ac = ZEM2 ] (3.37)
. T¢ cos
*E— - % ©,deal
whare gg-“” cames from eqrn.3.50, and Ac is a s*reigh* line
as in fig 3.32.

Other interesting point is tha: the missile is
commanding <o reach roll anglas absut twice of @, ., Vher
the targe* is at small accelz2rations, and when a*= large
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acc2lerationas, +*he missile is makiay a small correctica on :
its roll angls, as shown in *able I.

One can see from the €£figurss showing miss diszance,
+hat the relative positiocn of missile to target is about the

same in all three initial cases. Thus, tha nsw vdeal a%t
ach point is <*he same. As the g&uk‘l computzd 2t <=0 is
smaller when the target is at snall accelerations, the
correction has to bz largar in ordzar o hit <h2 target as

seen in figurs2 3.30.

In *able I, cne can see th2 final miss distancss,
th2 final miss distance cg *o0 cg and the £inal recll angle.
Such results show that with <his 3igitaliz=? amodel, good
results has b2en ob+ained.
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Pigure 3.1 Reprasentation of the Systenm.
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Pigure 3.3 variation of Roll Angle - Small Angles.
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CASE 1 target acceleration -.5 g

target inftfal posftfon~ CASE 1}

.

~100 ..

200 _.‘

%

misstie tnitiatl position

case 2
target acceleration -1 g

target inttlal posftion- CASE 2 ang 3

e

~100 .

~200 o
~300
~400

~500 -t

o
'

nissfle tnitfal posttion-CASE 2,3 and 4

case 3 and 4
target acceleration -4 g

target Inftiel posttion ~ CASE 4

Pigure 3.6

Scenarios for Simulation.
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Pigure 3.30 Corrections on the Roll Angle.
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IV. ANALISYS OF GAINS, SAMPLE BATE AND PITCH ANGLE

A. ANALISYS OF THE GAINS

In chaptar 3 has bzen developzd a solution for <he

optimal ccn*rol of a systa2m as:

x(k+1)= A(k) x(k)+ B(k) a(k)+ E g
I+ would be interesting <o check if the optimal gains

\ rsach steady sta+e,but a2+ the mom21t that the sxterntion foar
\j?: large roll =xcursioas has besan introduced, and the system is
‘;;f being £ee2d with optimal commands which aze varying 2ach step
2;$j of time, such ids2a can rnst be applyed. Hdowavar one can 4o
;;? such chseck In th2 mod2l for small rsll excursioses, which is
j%? acczually us=23 to compute the asptimal commards.

-:?S Doing *his, one has the «ime history of those gains as
o in 4.1 and 4.2

| .

On2 can nd>tics in fig. 4,1 +ha: ths gain PG(2,1) z2ssoci-
ated wit *the effect of gravity has no effsct on the
ccmanded roll ra*e, and *hat FPG(1,1), as shown in fig. 4.2,
as a large s2ffect on +the =>smmanded scceleration.
Furthermore, this gain r2achs steajy stats very fast, <hus

iz can be assum=d <*ha* the gain PG will be ejual +*c <+h=2
g 1

71}

teady sta<=2 value during 21l time.
From egqn. 3.19, and assuming stzady state:

a(k)= ~-F(k) x(k)- FG(k) g (4.1)

and subs+i<utiag g:
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u(k)= -F(k) x(k)~- C

(4.2)

wvhere the second term in the right hand side is a constane,

and its value is exactly =2qual *o %22 value of the commarnded

accsleration nacessary at t=0 to cortrect <he gravity fall of
the missil (or to correct the initial ZEM due t> gravity).

It migh+* be supposed that one could solve

control prcblam for the system repr2sex+ed by eg:n.

considering one raduced system repras=antad by:

x(k+h)= A (k) x(k)+ B(k) u(k)

with a bias in the ccrtrol as:

a(k)= -F(k) x(k)+ C

But as shewed in *he ¢£5llcwing analysis, this

possibla.
The constant t2rm in the right 212nd side of
calcula-ed as follows:
£rcem egn.:
initiai ZEM dus “o gravity= ZEM = %— g 2

ZEMg

C = ==z==cermdmemceee

t? t?
{-Z- - ]ﬁﬁ} cos;ﬁ

and <the gains F(K) are calcula*=l using a Ricat+i

as usual.
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Case 5 was tested using the abovs considera+icns, and
using the same scenario of case 3.

Figures4.3 and4.4, show th2 time history of <the
controls. One can see that the commanded acceleration has
begun a: same values as in case 3, but the commanded accel-
eration reachs a peak c¢onsiderablz higher, them dcreases
does no= following a linear law, with a final a4 14,7 meters
per second sjuare, being +this t2rminal wvalue due +0 the
cons*an=< term representing the 2ffa2ct of +«he gravity.

Refering to fig. 4.4, the commandsd -oll rate begins a+
a same value as in <case 3, but as the control Ac is too
high, i+ reachs negative values, going %+o zero almost at <he
end of <he running time. This behaviour of the control 1leads
to a large miss distance as seen in figure 4.5, and tabl=II.

Figure 4.6 shows the tim2 history of “he roll angls,
which rises %5 values close “o 1.5 -adians. As the zccelera-
tion at +his point is lazger than thz correc% value, the %he
corrections are excessive and “he -511 angledecresases at *hs
end of <he running time to +the valu:z of .12 cadians.

Thus, one can se2 +<hat “he gain due *0 +he gravi+y's
accelszra*ion can nct be <r2placel by its s+teady state
value.This kird of simplification can +hus 210% be done in

th2 sys<=em being studied.

B. EFFECT OF THE SAMPLE RATE

Thrcughcut all the siaulatios 2 saaple p2ricd of .05
seconds has b2en used.In this sec+ion 3
effzct of “he change of <his sampls rate i

Two- .best cases have been salsczed to il

f s*udy of <he
2

strate <hsz
effect of the sampls peringd.

The first case, cassz 6, has bean =zun wicth a sample
period of .1 seconds and corsits >f <+the same scenarcio as

casa 3.
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As one can see in figure4.7 ani taplaIlII, ther=s is 19
noticable change in the commanded acceleration, bu< <+hs

commarnded rcll rate begins at smallar value “han ir cas=z 3,
as is seen in fig.4.8 This ini+ial decrease in roll raze,
leajs to a large miss distance ia Y dirsction as shown in
fig.4.9, aad *o a small value of roll angle (s2z fig.4.10).

The s2cond cas2, cas2 7,has 3 smple period of 0.025
seconds. There is nc noticeable <change ir tha “ime history
of “he control Ac as shown in fig.u4.11, The coamand=d roll
rat2 begins at a higher value thaa in case 3 as shows fig.
4.12, which leads to a firnal miss 3is“ance in Y diz=zction of
-2.22 meters and in 2Z direction smaller than case 6 (ses
fig4.13). Figured.14 shows that ¢the firal roll angle is
increased and the missile cross ths target with 1.28 r-adians
and with a CG-to-CG distance of 2.5 me:ers.

In both cases, the miss distaaz2 was inc-eased ovar %he
nominal value obtained with a sampling ra*=2 of 0.05 secoads.
Thaus, 1< would appear that th2re is an op+timal vilue for the
sampling ra*e, which may be conected with the geome%ry of
the scenario and with *ime to go.

C. EFFECT OF THE INITIAL PITCH ANGLE

It is important at this s=2p %> z2menber that *hrougout
this work has we have besn discussiag a dimensional model,
where there is no infcrmation on tha X coordinates, so it is
impossible =c verify the behavior of the pitch anglas.

In <his work, sirce in all ths previous scenarins the
initial anglz © was equal to zero, this value has baen kep:
as 1 constant Jjuriag all time, and considering that whithout
any informa<tion of a third dimension it was not possible t¢o
correct the time to in%tercept, this time was also kep*
constant and equal “c¢ the nomiaal valus2 of 5 seconds.
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& Notice that this assump*ion is likely to be correct if
Eé; one has the horizontal iritial 3istance from target +2
o missile compared with #he initial vertical distance beiween
% target and missile 1large enough in order <“o have
;ki small angles.

&;: The question tha* risss is, how could this pitch angla

affect the system if it was nct small?
As seen in fig.4.15, the missile velocizy in the X
direc+ion would be:

Vox = Vyy €OSO + g cosb sind t (4.5)

which has an effect no< osnly from the pizch angle, =repre-

sen-ed by the cos & , but also froma th2 gravity's accelera-

tion, which will leads to a different =ime %o intesrcept.
Considecing *the same physical scsnario as in case 4, bu+s

zdaz to have +the

o

o
changing <+he initial pisch angle, in
missile pointing to the target (s22 £ig.4.16), and kseping
+he missiles velocity ¢f 10900 m/sac in <he X direction, ons
has a ccmpletly different geometry of +the problem as seen
from the flight pa+th refersnce franms.

With this new situa<ion (see fijy. 4.16), case 8 has been
Tun. igures 4.17 and 4.18 show +ha< now the missile is

comandirg lary2 posi+ive accelarations, and 2he roll rate a%

+he begining of +he flight is too high, going Lo zero in a

fi{ very small p2riod of tims. The 1mniss distance as seern in
Fi £2g.4.19 are increased in the initial part 2¢ <hs £ligth and
Kﬁﬁ as *he missils corrects its +*trejectory i+t is decreased %o
h_a

| reach a final CG-t0o-CG miss distance of 2.17 . The roll
b-‘"‘ . . I3

e argle, due to ths 1lacge cont=-el Pc is oscilatory in the
- begining and becames constant with a value of .57 radians
oo .

S (se2 fig.4.20 arnd tablz: IV).
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d
ge
velocity, which is seen from the flight path frame as the

W

N}

T

Notice that +he high valu2s of acc=2leration ne2d
- L

[
n

in som2 part due <+0 a vertical component of a

L]

target was manouvering ia the 2Z direction with constan+
valocity. These large acc2lera*ions lzads tc roll rates *oo ‘
large for the physical integrity cof th2 missile. This means |
+ha+ although althoug ths gcod results obtained, if compared
with case 4, they are not practical.

In order to ge+« rid of ths var+ical manouavar of zhe
target, case 9 has been ™ma. In this case, the scenazio is

> o

th2 sam2 as bh2fors with the *argex also poin*ing down, with
+he same pitch angle as th2 missils, 2aad has a X velocity
equzl +*o the previous case (se2 fig.%.16).

Prom fig.%.21, on2 £an see that the decrcsase in the
contzol Ac is substantial if compazzd with cass 8, bu~ the
ccmmanded roll rate is still toc large as shows £ig.4.22 The
+ime his*ory 92f +he wmiss 3is*ance is bat*ter, r=sulting in a
final CG-to-CG distance of abcut 50% o0f <case 8 (sea2

ig.8.23). The roll angle is 1no: oscilatory as seen in
€ig.4.24 and “he wmissile cross *hs targe: with 1,3 -adians
in roll. (see tabla1V)y.

The results cbtained ia the two pravious casas, suggests

+hat the algorithm dev=2loped in +this work coculd be readly
applied *0o aiz-to-surface missiles. Ia the 1la%<er, <he

scenaric would be favorabl2 to <+hs missile <thar in =2ither
pravious cases, since one can consider that the *arge:t could
2 essencially stationary in comparisor wi<h the aissile
spead.

Case 10 has baen -un with %<his assump=ion, ind +he scen-
ario as in fiy. U4.16. The targe* is with zezo velocity and
accelera*ion, and the missils begias its fligh%* 600 meters
above i+, with the same initial pitzh anglz as before.
Fig.4.25 shows *he tim2 history of th2 commanded accel-

eraitior, where on2 can se2 that as th2-e is no coll ca*e %o
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be commanded, the acceleratica is following a straigh%t linz
with very ressanable values. The mniss distance is shew in
figure4.27, which shows the final CG-to-CG distance of .31
meters.

Based in the results of these tests, one can ses tha<
there will be some effect o0f the pitch angle on +the miss
distanc2, not oaly due to its effsct on the time 0 inter-
cept, but also because at the mcasnt that ther2 is a pitch
angle differeat from 2ero, even if the target is keseping its
€ligh* level, in the flight path frame a component 2f th2
target's velocity will show up le2aliing the missile <to
command large accelerations and roll rates. Althoug this
results harm the performance in an air-to-air missile, in
th2 case of air-to-surface missilses, when +he +*argeat has
been considered with no motion, good results has been

obtained.

D EFFPECT OF TIME TO INTERCREPT

In <he simulation of case t aad 2 in chapta2r 3,i* has
been observed <+that when the target was a:t small accelera-
tions, the missile did larger corractiosns on its roll arale,
with respec* 9 *he ideal ini<«ial roll arngle, than when the
target was with large accelera%ions. One can think tha+* mus+
be scme kin cf compromise betwe2n the velocity rate cf
targe* and missile (which will r2flactsd on +he time +*o
intercep*), 2and the relative position between them, which
will affect the miss distance.

In order to do a brief analisys 52 this, case 11 and 12
has bsen run.

In case 11, the sce2nario of case 2 has been kept, with
th2 exception that *the missile's valocity was change <o 2000

m/ssC., which aeans <thaz Ti was changzd toc 2.5 seconds.
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b Figure 4.29 shows that the 1acca2leration is lazg=zly
I

E?:f increased due to the small time reguirsd to correct *“h= ZEM,
iii and the commanded rcll rate is almdst *wice of case 2 (s22

fiy. 4.30). The final miss distanc2 is more than four <imes
the value obtained in case 2, as s22n in f£ig. 4.31 and +able
V. The final roll angle is about half as in case 2, sincs
+hs projected £inal position of th2 target in the Y direc-
tion is less than in case 2 (see fijy. 4.32).

Case 12 was run with a scenaris less favorable <o the
missile, where all the conditions of *he pravious case was
kept, <except the *target position that has been increasei o
200 meters above the missile. i

Now, +he commanded accalera<ion ar2 much larger, with a
initial Aco of 103 m/sec2, being 3laost impossible to ses
the difference of the +*ime history 9f th2 acc=l2ration €from
one straigh+ line, as shown in fig. 4.33 The commandzd roll
rate is small, about *the same as ia case 2 (see fig. 4.34).
Th2 change in the miss distance is aoticeable, with a final
CG-+“0-CG distance of 4.8 me*ters as in +able Vv, and figurs
4.35. The final roll angl2 explain th2 shape of the acceler-
aticn curve, since with the small r»1ll angle as shown iz
fig. 4.36, the system is behaving as for small roll =xcuc-
sions.

No*ice that €from *his analyzis, oae has =5 realize “ha=«
thare <Iis scm2 kind cf envelope share <he 2-D system is
vaiid. And in ozder tc datermire cthis 2nv3lope, one has %o
take 1in acccecunt no: cnly the geom2:ry of the sc=nario, bu:
alsn the zime to iantercspt, which is 3iet2rmined no= only by
tha rela*ion of velccitizs of missils aad <=argest, but the
pitch angle *d0.
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TABLE II
Results from Biased Control

s :’.nnce :::‘nce ﬁ €G-to-CG

t (3; ) (:‘d:/soc) Y qipeetton | Z gipetion | (raa) 3‘53‘"“
0} 26.37 2.76 0.0 100. 0.0 100,

Tt1] 14.47 0.0 13.78 2.00 .119 13.93




,

Lo O Safle Pl Salet |

b

S E AN LT TS TN TS NI

AN 5

6TH CASE
INITIAL TARGET ACCELERATION=- -4, G

INITIAL TARGET POSITION=100 M

SAMPLE PERI0D-Q.10 SEC

S0.0

13 [} [} L] [} [} 1] 1 [} 1 ]
" m ! ' \ ; | " ! “ ' a°
[] ] [] [} ] ] t [} [] a
S I T I e e 9
nnnnnnn .rt.i‘o-."uuna-.:.”:»..-uu.“n..nuuca“.:u||||.“||-|||c“..|n:««|.oa:-tu-.r;u..nuu...uuulnm-r":--nnc...ﬁ
H ' ' 1 ' ' ' ’ ' ) Q
? ] ] ] 1 1] [ ] [ ' a [
. P ” A A N A
H ' ‘ ' { ' ¢ K ' a g ' =]
....... “.-:\,ns.._"‘-n-lau.anuunn.mu--l,.u.“-u-:..u.m..u..o-n-"-t..:n- nu..»n.ivn mu-ﬂ;-...“-ununucm...nnuun.um
” ' n . ' [ ] ' D “ []
: : . : ' H ; : o | : :
' [ H ' ) ] ’ » O ’ [ ) Q
nnnnnnn u.uuu-yn.“nnnu-ouu.uunlu...“nun..-uu.r..uuacu.":i-u'...run-:cMu.“mnr....:v":¢o1..-1."-u|¢-||.r|..;..-v:.s
1) ] 4 ) 1 1] 1] ] ] ] L]
] ’ ' [ . [] ] =} ' ] [] s
u ; " “ “ “ o : “ "
' ) ' ' ’ ' b R ¢ H ' Q
||||||| -Flll!lll"|lll||S“|.v|'lll|"|llllll.fl!llllnﬂlllmlm|".|lllll—ll\llll- llllll-l!!llll-?llll'l.lm
) ] ' \ 1 ) ' \ 1 [ '
] ] ] 1 [ g . ] ] ] ]
‘ ' : : : q H : : ' :
”. 2 ] ] ' a v ] ] ] 1 Q
lllllll b -m———- .(lll||..".tllvt.o.u..t|ltlcnrolmlll.«ln||A||"..|||Il|~"l|||||0“|ltlab(..“llllnvlunnllill la
. “ " - S “ . “ " "
m : : toa “ . _ " " "
] ; | o _ “ ; L i d 12
||||||| P AL Rt llaull..un\ll..ln.lnvl.;-"nnnrt||".n»llo| R - R DL L L LR Ym.u
' ' ‘ = ‘ ' i ‘ ' ’ :
] 1 ] [ »] ' ] ] ] ] ] [] ]
¢ ' ‘o ! ' ' t ] ! ! !
] H ] K . : ) ' ' ' 1 Q
||||||| -»bnlll.llliunlrnlllll ...n5t|ll"|il|..lc."|||llll“vl|lll|.“ll||ll|".llll.-l."lllbullu.lltlllitﬁ
' Q0 m ' ' 1 ' \ ' ' '
[ [ =] [} ] ] ' ] 1 ] ¢
i d " “ " : “ " : | ”
[ a 1 ' ] ] ' ] ] ‘ . Q
||||||| - |..-.“|nc....||".|nu---."||nun:.r-..nla...“uunonu-.r||'||.....||||-:“.-u..-a..."--..-v-|".cn..|-|.-w
10 [ 1 ) ' ' ' ' 1 ' H
d " " “ " " " “ “ “ :
]
g ! ! Lo “ | " | | " “ q
B L T repa—— .“ nnnnnnnnnnnnn oo - Cnccane docaam= Laceona deaccuaa | S ." nnnnnnn | PN N o
o A T ; "
[ = | ' ] ] 3 ¢ ) ] ] ] 1]
1 ] o ] ' [ ] ‘ [] ] ] '
] ] [] 1 3 ] [} . ' ] [~ ]
i : : b : : [ ; “ S
. v -1 T 1 v SR | Lom T 1 T
0°'09 0°SS 0°0S oSk ‘o¢ 0°S% 0'0% 0°sZ 0°02 0°Sst 00t 0°S (1) 1]

S*0S/S¥313W - NOIIUM¥3T333Y

\.\.-‘ £ e 0

B
AL

a4l (]

Commanded Accaleration~Case 6.

Figura 4.7

97

X

-

et
AL S

Tl ey

(W)

-

i

-

. -
-
At .

A

.

-
B

P N T I e

R S LY
e N

Pl

USSP L
2 et

Y DY

ot e vav,"
.

> P TSI AT )

DU SR
“.te
ca’a’.a

-
b
[

.
A iy




e . W T s R ETTIEYY VYV OV RY W@V Y Y S TN AR T Y T Y T XYY
..

- v
*, - .\l
) o. ..n.
(A e
X S B R 3 .
: ] 4 ]
- N T N AR R S T A TR S R S N BN A I
1 1 1 \ [ ] ] ] ' 1 1 ] i 3
nnnnn L T e T T T R (] VU I Y WPy S 971 []
) [) ] ’ 4 L4 [ ] [ ¢ 3 [} (4 L] 1] 1] -
' ' ' ' 1 ' | i ' ' ' ' ' ' . \0
- L D e o
. : : 1 : H .v 1 : ' : : : ‘ ] 2 7]
||||| .—.--nvunnunu.nnluuc“.|||t|.u-¢|[.—-n..n.||o|...r-ul.p-nnuv“uucnn..'-unc.ruuuu..r|c||w-||||".|||| w o
@ T e e ?
-« E : 1 : { : H ' ' \ ' ' ' ! 1 H o [ ]
1 » ] & ] ] [l ] [] [ [ ' . ' ] ' . P
O fe--- | QPR e mem R, Cancmdacana Lemm | SR JUP bovaad | SR deccna | O F bomemm | na P
- LS g A o
3 514 R T
. 10.. z ' ) ' ' ; ' ' H [ t ' ) ] ' H a —
— o o ] ’ ' t ' . . ] . ] [ ' 1 1 1 < —t
a aca— = J----- w ||||| " ||||| .n ||||| ...llnl.“ ||||| w ||||| “.»|||.“ ||||| .r ||||| " ||||| u ||||| .r l-uu.n ||||| w nnnnn .r..vnu w pay
B o ” . ' ' [} [ ] [] ) ' ' [ [ ' [} ' [ o
Ll 5O ' [ . ¢ ] ' 1 ) ‘ 1 ' ] 1 [ I
. vy & [] [} [ [} [] ] ] [ ] ] 1 . [} ] ]
) CcCL® o 3 ' ' t t ' ' ' ' 1 ] ' ] [ ] o L)
) SRS a. o ] ] [} [] [ ] [] ] ] ] 1 * ] ] [] e @ ®
||||| R B T iy S P Y S S S SR (v
3 O, - t 1 ] ' t ' ] [ ' ' ’ ] [ . ) g o] o
: o ;o ] ! ] [] Il ] ] 1 [ ] ] ’ 1 ] 1 a
', R T i ' : ' ! ! i ! ! ! ! ' ! | ! <
: wE . ! ' ' . i i | ! i : : ' i : a9 a
L& Jadi PV R G QR T U VR S SRRSO SRS DI SRR DU SAPDN SRR N UUUNY S SUR 3
&= T A Sty Tl Al s S btk Sl Sl Wbl Bt i £~ s
m ¢ 8 ' ] 11 ' ' . . . : H ' \ 1 ' H o
-3 — (Ta] ' ‘ ] ] ' 1 1l ] ] ’ 1 ] ' ' . -
o7, Jee--- [ QSR dmmann [ TP . bomamw tmceedeanan | S . [ REpp— | SO Liem ———- w
Py — “ . “ [} [] t ] “ * ] [ [l [} ] N of — ©
— = ' ] ' ] ] " ] 1 ' ] [ ]
; — ' ! ' s ' ' ¢ ' ' ' 1 ' ' ' ' =) .
7/ [ 1 . ] [ [] [ ] ' ] ] 1 ] [} $ o
P-4 ] ' ’ ] ' ' 1 ] ' ] ] [ ] ' ' o >
. = S U SSUSUR RO SRR SR SO SN MV SRS SN SN SIS O SO e
R bl tom d-rvmn R ettt SEE T il SR e kbl Ao ---- o bt deooo- n— ﬂvn-#rw o
' ] ' ] 3 ¢ ] ' s [ ' [ . 1 (V]
] [] 1 ] s 3 [ ] ] 1] [ ¢ ] ] Qo
[ [] 1 ] ] ] ] [} ] 4 [] [ t wu [} B
1 [ . ] \ ' t \ ' ' ' ' ' o
' ' ' ' ' ' ! ] 1 ' 1 ' v oo ' Q ot
||||| R e R e R R R R it it .l - LT RNy POPTSTT TS '
1 1 [ L [} 1] ) 1] ] [} 1 1 [} ) 1
' . ' ’ ' t ' ' * ' s O ' + '
‘ 1 ] t 1 ] [} [] ] [I»] ¢ [} ] ] ]
N ] ] 1 1] s . ] ‘ D! ] N [ [ ] ]
, . v ' ' ' ] ' ' s ’ ' ' ] 4 ' [~ ]
< N ' ' 4 ' ] ] [o Y] ' ’ ' ' ] ] 1 [
2 'y g - 9 2 2 ] 2 2 Py n . - 2 [ =
s ' ! . ! ! e ! L— ' : v ' : P
.. 00°F SL°¢ 05°C SCT°¢ O00'E S£°2 0§°Z S2°Z 00°2 S0 0S'l S2°I 00°f S2'0 0S°0 S2°0 00°0
. | 936/504 -31u¥ 1104
Q~ .
-.q-A‘o., A&o--.c.-ru-.qno —t .‘\‘q- . S P p 0 o DR <.. -.-..'.-..-.f. - PRI ‘s bt e S Ry -.r\ S ) -w Et e - . -




Pl o AR e

W R _ v eSS F W S WV U B vmmy v.T v Y w .= v gw. v v v, w—p— wrt v v W %W
3

AL A RC A A A i A I s B A

ERAAL IS 8 g ol sl S ot e -t g - g

6TH CASE
INITIAL TARGET ACCELERATION- -4. G

INITIAL TARGET POSITION=100 M

."_
o
'.\—
o -
. +d
S
m m m m o m “ “ : g
“ ' ] ’ Qnuﬂ “ “ i .u.A
i ] ' i1 oo | o ‘ : : Zz = o,
|||||||| S S i Y " T Ay S F Y J S R e v
[ [ ] ’ - ' ' ' et b
' ) ' ¢ OO ' 1 ‘ s b My
: " “ P @ “ “ " S g
! i ] @ a 1 i ‘ R A
llllllll n"tl:...h|||.“Il|l|n||l“||||||ly_clllallul¢||l|lhll|l||||-”||lll||l..“| b tng 4 b
A - S A S e i It ¢ 3
' ' 1 o .W ' ' ' m > (4 %
“ " PP a : N e 7 3
........ PO [ R SR> YT - G HrYL IR S F R S B N ol B o
' ' ' o ' [ s v wn v ’
m " " . 2} o " ] M =) e 1
B " " @ i% “ m m °a o
v
of. .. I H . S AN 1< S e T 5 Ao |- R
: : : G ° i : i =5 ~t
' '
m” : Poon 5 : : : ' . n
S ' ' =) ' [o] ' ' ‘ a o o
— 1 1-B------ Aot o---1 e Stk bk ety -1 == =]
& " q’ . ° " . . w o
1
& Lo e m ° : ! | m @
)
(T T, U . S S 1 . o 1la H K H i -
. | [ [ [ Gullw. ||||| [ Voot Tt T 2]
a. ' 0 ’ ' o ' ' ) '
= ] Q ] ] o] [} ] ] 3
& io’ ! ) " : " "
(T3] D 1 ' [« B4 ‘ t ' . o
............... e R JE -~ 0L S TR IOPURPUDr DIUPIPIPIPI IS JPIPURPI
ot “ " = : “ : ;
(>3] H [l ] : 1 i ¥
o | “ : : . : .
o . ' s fo 4 ¢ H ' . ot
e deccnanan daomacnan B PRI SRR D<A S, I PR B I I u
o} : ; e i ; ; : 4 e
o ] [} ] [a] ] [ ] [} o
g " ; g i : : “ T
a ' \ [ 7]
I S foeee L IS S < NS N - I L
' ' ] . 1 . '
' ' ' ' ' ] '
' ' ' ¢ ' ' '
: : : o i ' : :
" H H a H ! 1 H
. ¥ r t ¥ ¥ T “t
000l 0°08 0°09 0°0f¢ 0°02 c'0 0 02~ o0°ob- 0°09- 0°08- 0°001-
SY3LIN ~IINYISIA SSIW




AT 1

Pl 4

-~

Lol i Salafe

-l ween =

- o b oa—— - -

bmncccah cane
bemnsonchecnnaas

(]
[}
]
1
)
L]
[}
[}
[ %
]
]
]
1)
]
?
]

| PP S T,
aocooagoaadaana

cvansesbosssavhovosrschuvonns
hrecoemerenlbeceneaicoee e

“becvrccahcanews

6TH CASE
INITIAL TARGET RCCELERATION= -4, G

uunn@uuuuénannéauaaﬁ

SAMPLE PER10D~0.0S SEC

INITIAL TARGET POSITION=100 M
Qe

ehoaswosabocvavvtbownscnavbarnsa

ST

Qeeen

v cencshoancsavhaocvecarcsbacacvanberacentbovacnce
L L L T PP Py Ay

Lt anel
‘
'
1
)
[
]
1

wasevohoecaanalecnsvaubervoasebosssontacsnancbevocackewnscas

—reesskbhoscssesbrsrnantbecnevabhecvovabosanne

Boasacchancwssbcvasvabocnevehrrccerhcacanas

Perranveboncacn

‘i cnamnmh

o’..-.--a-

o
-'T
@
L]

-

.

-—
Q
-4
(-]

.
Q
Q'w beeoma-

T

SO¥ -3719NH 170Y

decmcmas |
d 1
1)

1

[}

1

]

B PO {
)

[}

)

1

'

)

Ao -~ - P
’

]

'

'

'

’
demcccvan 2
[J

[)

L}

[4

1

!

-+

0 o'c

AR CAA R o s DAt A

h)
o
_q

caeae
LR TR

-y
.L.-~ "

YAt

A YL

> w - " »
A\.{\':\.Ltf

At
LA

W
R

LS

S
-

-q.‘:-.':u.'- w

Roll Angle-Case 6.

100

Piqure 4.10

RIS

AP SR |

o e e . g
PR TR T S
at, o, T,

" e
IR
PRI NI

L.

CS 2

4

CRL Y

< "




o
L[] [ [ ] . [l 1] 1 ] s []
] [ ' ] ] ' ' 1 ' 1
’ ! ' ' s ' ' ¢
| ! " | | “ m : | ”
“ " “ " " 1] [] ] 1 ] [
! ! ' H ! [} [} ] ] ] Q
lllllll Tl'illlLllllltthAlillLlllllllTllllll.n-llllol..“.tillllA.llllllln-ll(lll&-t ¥ - > ~
“ : : : : : : : . i S
' ' i ] ] ' ! : : : %
) ) ' 1 t H H } : ! H o
] [ ] [ ]
) ' ' ! ’ ] ’ ] ' d [ ‘ [8)
" " ; " “ ; “ : ” ; il .
[ L R e T N - 0 g g g g R . G o SR, 1
- = v K v b H K v K o B Sl | 5
' o ' 1 1 ' ] ] ) [ ' ' : - o
S o : . . ' ' ] 1 I ' s rd
. ' ' ' ' ' ' ' i 1 1 ' P
P-4 .ﬂa ..FD.- ' v . H H H ' : : '
o =z [) ' » [] [ [) 1 u " " Q ©
~Z 0 l------- | ¥ . [, Jeeann bmmee I "y SR G 1 L ? P
=51 ; ; : " . 1 ! S A R 8 °
C -0 ' ' ' . : ) H : H 1 1 - ~
oz T - ' ¢ ' ' ' ' ' ' 1 { 1 a
) tad n o [] [ s ] [] ] (] ] ] “
W ) o 8 [ ’ ] ] ] ] ] ] [] t v
H E P D " “ 1] [ ] [} <l ] [ ] [} 1 [ [} (=) c
GO Q ... ! ! ] ] ] 1 ' ' 1 ] t . g
o = 2 - Leemee- deecaven ". rrrrrr L. ||||||| L - ." ||||||| | R, P P | W deocanas Ltevaaaad. WK
I @ 1 ] ’ ] Y H \ . H H : - -
= b nﬂK... ' ' { ' Py ' ' . H : °
N 2 : : ‘ H : | i : i } ® o
& : ! ' i . ] 1 H ' 1 o -
o) “ H [} [} ] ] [} [} 3
a b ul ' ’ ' " " H H : : H Q
g2 |- S S S . S b e deceee (R deeet I K R b
=% ! ' ' 1 . ] 1 ' 1 ) ' 3 g
<z ! ! o 1 ] ' ' ' ' s ' a
! ! ! ’ ' ) ' ' ' s o]
g5 9 ; g . “ “ “ “ . ; . v
— > " “ ] “ [} [} (] ’ “ “
” — ] g “ ¢ " " ' : H u 1 pe
||||||| [ et - - S R g R L T L T ! ! H ! ! 3
= f gt H - v Amem——- Fommma L SR, Focwrea B . S q
= H H " " ) [] ] ] 1 ] 3
: ' ' t H ' ] ' ' -
' [} ] ] ] 1 [ ¢ [] [] -
; ! ! ! ] 1 1 i ' ¢ ] .
e s
NP 4t NS ISUU DU AU NN WUUU SUUUUS NSO UUUUNS SN 2
! ‘“ nnnnnnn ”' llllll ._ lllllll mv llllll .u ||||||| mu llllll .“ ||||||| u. llllll ,“ lllllll * lllllll Ia P
. : " " . . . . : : : 5
o ! ! ! ' ' ' [ 1 t 1
y ~d g o o ! ' : : : : : : ' x
' g ' -
! ! 1= 0 a0 gig _..v. “ I ' ‘ : S .
0'0o b.mm .MW -t T T 4 Y % Y Y
0°Sy o°oF 0°st 0ot o jt4 1 )814 0°st g ot 0°s 0°0
33S°0S/S3313W - NDIIY¥31330Y
LS o ]y PR PRI .. .
s F B i + BN o, ' o M v . -- x, v.. ... -- [N K s ALY - Ry -.-‘\-nl a.- . K N . .
5 8020, - PN R AT P LYY e ; ' s, - . 4 TS v, A ‘- ey . -.L”. -- " --. “-.. A .. .4 R vv .qJ. \4\~.~-...\- q_.! J\J\J~.\

-t

Frl—lrlrslrbl




‘,\*_'r_l_'r\'w_ M T

e AR

PN N DA A A

- ¥

 anthan

7TH CASE
INITIRL TARGET RCCELERATION= -4. G

INITIAL TARGET POSITION=100 M

SAMPLE PERIOB=0.025 SEC

lllll

lllll

N N
I
SRR RIS
A
A
T
SRR il
P
PSR S
R R
A
R
A N
S R
| . R |
[ I . §
QR SELEEE
[ I |
T
-
bt
VT
[ D B |
R
bommmdemoon]
« v
¢ €« 1
S

o'y S¢

't ost szg

Q

175.0

150,0

O

3S

N
u
QN

¥ -3L6¥ 7104

' 1 O ' 0 ] ] ] ] s 1 »
“ ] ] " ‘' [ [} ] “ . ] 1
1 ' 1 \ '
S T N A
! [ ] 1] ' $ (] ] ]
1 [ ] ¢ ] ] t ] ] ' [
¢ 1 [] ] [] [} ] 14 [} ] [
Eadd R T R [ { SR B R e - - - P - [ R e - o --- -
’ 1 ] ] ] ] 1 ) ¢ ] '
1 [ ] t 1 L] ] 1 ? . [ ] )
] [ [} ] 1 ] t ] ] ] ]
] 1 ' ] 1 ' ’ ] ] ] 1
3 [ [} ] ] ] ] ] ] ’ ]
S T A N R A R
' [ 1 [ ] [} * ] ] ‘
[y R e - g mm— P L R [ - N A,
M ] [} ] [} 1 [ [] ]
' ] * ] ] ' ' ’ ]
' ] ] [ ] 1 [ ] [
3 ] ] ] ' ] ] I '
s ' . . ] ] [ ‘. ]
’ t ' . ' s ] [ ]
[ ] t ' ' ’ [ ’ ]
PRPE R | S, | PR, | IR Loaaa S [ P | PR Y R S
, ) 3 ) “ ] [} [} ]
] ] ' ] ] ' ] ]
] 1] [ ] 1 ] [} ' 1
] ] 1 ' 1 ] | [} ]
] [] [} ’ 3 1 t ] [
1 ] 3 ] [ ] ~ ] 1
] ' ’ . ) ' * t
' ] ' ' ' ] 1 [] [}
[ S S R, | S, [ S [ S, | S S R
1 [ ¢ ] [ ] 1 " ]
" ] ] ] ] [] 1 [}
S T A
| \ i : | . ] ‘ i
[ ] 1 ] ] ] [ ] [
' ] ' 1] ' ] ] [ '
Ddadnd B R TR R R T R e L Prrmc e n g = L R LR R R LR R R e R T % S
] ) ] ] t ' [] [] '
3 . 1 ] ] ] [ t ]
’ [} [} ] (] [] 1] t .
4 ’ [ ’ ! [ ' » ]
[ ' [ ] ' 1 | ' ]
] [} \ ] ] [} [l [ [}
3 “ ) ' ' ’ ) ' '
1] [ ] ] + [ 1] 1] ]
meepmamaqenae goeom— L L. Fommmym - - -- Fereequeceagmensneen
] ] ] t ] ] 1) [ 1
] ' [ ’ ] ) ' 1 [
[ \ [ . t ' ] ] ]
] (] 1 1 [} ] [} [} t
s 1 ] » [] ] [ [ ]
] ] [ ' ’ 1 [ ] [
u " " [ [ ' “ ] 3
-—- (] h (]
F----- e I e it BT T e R Rt T 01 [ o IR, -
' H ' | .m w ' H aut, H \
‘ ¢ . ' H H 1 qoo H ’ H
] ’ ’ N ' H g O, ’ ] ' ]
' ' ' H ' gl ' | ' ’ '
] ' ] ' a nu ] 3 ] ' ] '
I CLL Rl S A AU R SN O
] 1]
& ' P e & _— r 4
' T Y T 14 v T T 1 1 ]
00°'E 62 052 s’ 00°C 6471 0S°t S2°t 00°t S£°0 0S°0 S2°0 00°O

A

LR \- -

’

Conmand2d Roll Rate-Case 7.

Pigure 4.12

102

.4t

«
\.L' >

M,

~

.
At A Y

AR

st . IS
D R A S S
RN Y B g.‘

‘.'. -
-

- -.- '-‘
I I

.
“

-
)

S "e
aleal o b

e

\'.n:‘.n'

>

-
L

A

“ \-‘_.~“-.'

o




v- K
.\. o
a .m
;- i
l- --
e
13 '
) ‘!
’, 2
; :
v .-.‘
3 28 - .
2 e o
2 ro 2y
. ] H : - : ] : : '8
" ] [} ' ' “ 1 ,.,ﬂ
n\ H ] ] ] ' M
b - H H H H H H zZ Z A
b, ' ' ' ‘ H : = s
F-» llllllll .A. llllllll .“ llllllll .“ llllllllllllllllll [P J- llllllll FERY = t— -~=d .-\J
! ' t ' 1 t i &S] 'y
2 ' “ " { ; : o 0 y
4 H ‘ H : ' : x & K
N : ' : : : ‘ == ! A
3 ©@ ! : ' “ “ I . ~
¢ [ (VNI NP Ip S I EI SUISU Iy [PRPAGEGIGS T - AyNUPISO U I I Jp I U S .~ e
3 ¥= 1 : : : : 1 I e :
b ! i o
g S o “ " ; “ ; i IR~ R R 5 .
’ S =L} ' H ' ' ' M ) =t v 5,
o Z 4 »n ' ' 3 1 ! 1 o0 ] '
h o > " ! ] ' ] [} ® .
W. —.TI... o wn R EL C R R h, lllllll 1--B-~--- - -- .m |||||||| |" |||||||| .«ll; w0 - 0 .
v — N ] ] - ' H ' ' n v h)
h T .0 H H p 4 [ [ ' — ! a .
v e ., 1 s A ’ ' 1 ' s ¥ P u
h L) Ll o ' 11 H ¢ " ' ' M ;
v 238G ! ' : i o H ' ' 1 e 0 o
" S8eg . . ' : : . . . Do o .
: O frvcmmandamcccac e e Dt ll._lmux..uc.. llllllll devucrore FERE - .
. (55 B ' " ' [ =] t ] i -] ]
., r @ W o * 1 . ] t [] ? ™ .
¢ R R H H } H ! : : n o .
™~ m € o, [ . [l ’ ' ' ' 1 n - .
o G @ ’ [} [ ' [ H ] ol !
= L) ! ! ' 4 ] | ] 1] -
o 3 ] 4 [} ] [} . ] [} ] [] - .t
« & b s-=~a-d.. [P PR, [P [P P ) === dremwoana G- PP [ "
T x H ' : : : ' : : -
FRSE:- : : . : : . " : X
[+ -H.. v + 4 1 H ' H " ) " (] .
~— z ] 3 [} [} ] [] [ - ..
— Z ¥y : : : : : ‘ : ’
[ TR CERARR - SR =i S\ Uy NV URIpIS.JUN ISP, SRR § . 'y S S U g, USRI SR .
=z H H H b 3 b H K d .
— ' ] ' ' ' ' ' ' \
" ; “ ; . “ “ ” o .
\ t ' ' ' 1 1 ' H (A
[ ] [ [] ] ] [] ] o o
1 ' ' ] H ' ' ' o "
..... i aunREUEE (EEEREEEE CURPUTERY | [ERETEE SRCREEEOS FRTTRERT FEECREEPS SERRETTES 3 K
] ] : ] * ] ] [] ] [ % 9
' [ \ [ ' 1 ' | Y
] ] ] ] [] [] ] 1 . o
] ] ' ] - ] | ] ] [
' [ ] ] . ] [ [ [] K
: ' H ' S o } : :
) —t . t ~+ L s v t . - Y
07001 0°08 0°09 0°0% 0°0C 0°0 0°02Z- 0°0¥- 0°09- 0°08- 0°00(- J
S¥3L3W -3ONBISIO SSINW

..- SR N AN
IR N

LA AL AL S /T




- o
] B
P.

g
P,

'.

[

).

.- = - -

y, o
.

W. ] 1] ] s 13 [ ] [ (] ]

' [] ' ] L4 t 1 [ 1] ]

. “ " " " m | m “ m
_... . , " “ “ t ] ] “ t
- u ] : [} ] [} 1 (] [] o
. . i HRN - SR S denans e SR L A o
S S A i T e * ' 3 M ' H ~

‘, ] ] ” ' ) [} t ] 1
', ' H ' ' H : : i i
3 m " m : “ " “ m !

:, 1) ' H i . 1 ¢ ' e :
ix e i i [ e B e e et ¢ I B
- t . 1 [} -

4 ' o H ' ' ' ' : : ' ' 5
: 1S9 : : : : : : : : : p
H L aan ]
3 Zro " " “ m “ " “ m " Q v
3 S8 [ e I R S B s [ st ¢
'. ﬂ — L] L] L] - l
. o : : : " ; ; : “ " o

- L] ) n o [] (] [} [} [} [] ) (] [} o
¥« w o1 ] ] (] [] ] ] ] ] ' L
< @ [} (] ] [] + t ] ] t [=}
sgo*rg ... S deaaeaa . H H H H BT ¥~
-« O e 1 [ v TR T TTTTT TS oot T TTTTTT T ' .Arw b —
. L @© [y o ! ! ] “ ' 1 ' ' ' —~ -
b, 2o O u ' ' ! i \ ! ! ! ! 0O o
3 8 ' ' : ' : i ! i } e -
] €=y ; ! : : " : “ : } $a
: IR o Riniiiadeids b dedint Snbiehiieiebeks (bl ~ Rl bl R e LEEEE TR A P R R L e o
E2E NN R S R A
o S ' ' ' ' \ : i ' ' -
v = ' 1
. € 5 : “ ", " " ; : " : s
. == ! : “ " “ : " “ | 2
5 = H R HARE - W R i R Hi F F 1 2 o
4 — t s ' ) ¢ H H “ : ’ 3]
. ¢ ' ' -, Y] ’ ' i . ' -
b : ' : ' ! : : ' o
m ' ' ¢ 198 ’ ’ ’ ' v -t
% [} ] " ] ’ [ 't [ h ; 0- ['%
S N I S o i R A
: (s]

3 : : " “ L : : :

’ ' ’ \ ' Y Qp ] '
7 [ ¢ [] M 3 ] a Q [»] J ]
N ' ] ' ] 1 ' ' 0 og.g o ] aQ
b + + : H : 1 . : 82 oo s
' 1 L 4 N | 1 ¥
N g°c (- | 9} {2 ¢ FAR | o1 8’0 9°ag %0 Z°0 8’0

' SOY -379NY 10y

',
‘\
A
‘-
A
"
o,
. ¥ -
............ -\-.\-\(.f\.-..,.q\h« o Ly S tarer et L

WA W -u!.'.....ﬁn......f... LA S AR
iyt dty ity @0 @ TS



ld.ﬂ‘
...L
g
..;
:
.\“h
- - - = - - 7 H\.
x
vs't | ¢zt | owor | spcr- | 0% eee [t W
€ S0°
001 0°0 00T 0°0 9/°2 o9z |0
g5z | szt 02°T zz'z | oo 89° |11
L |seo"
001 0°0 00T 0°0 6L°2 gv-9z | o
.
sg'z | ezt L1°T gzez | oo 19 |4
g | t°
001 0°0 00T 0°0 0/°2 ov'9z |0
) (pvJ) () :__wv (29s/p8J) ( 29s/m) (o0s)
[: 0 1 b Y] CO—&OGL— Z uocjidBaip A
u oma? & sounisio | ewnsye ad ov |1] es®o| 1
93-03-9) 8s 1w
spotriad a1dwes S3uU81833Tq 103 SITNSaY
IIT J149Vv]
e R B e B s




—— — -

Effact c¢f Initial Pitch Angle.
106

gsn 0 ¢cosO

)

Pigurs 4.15

l, --P-.n“n«.-ﬂ-. " L ) .J.J..-;..d\n. o.r-.\.\.lr.\l.-.

X RN .-1-.-)...,.\........ \\\\\n\. '
,. S AL B M.J----....-...-- . v 5N

A )
A q-. BANE S--. 1.- ' e P . A
DWIRPOUARS - M ..\.- -<.<v- . (A o 3 N

S I 4 .




- - ] - - -
REREEN AL A LA A C A A A SRS A I A A AN A IR A e s R R A DA s dat e AU M AR S

‘g
.

CAERERENE
et
I‘D

o

nisafle

target
600 | —~ - - L_.g___,
500 m/s

Figure 4.16a Case 8

z 4

missile

target

~800 e e e e o ——
485 m/s

Figure 4.16b Case 8

mfssf{le

600 e ————

13

<'.
"
L%

FALA L

»

Figure 4.16c Case 10

[t
o 0
[ R ]

4 A

- Figure 4.16 Scenarios With Pitch Angls.
[\

107

e AT e T T e N N e L e e e e YAt e
EL et PP Ay .l';ﬂ'Aw".z‘.:f;fg‘. L {s‘:&‘:ﬁtﬂ':‘\: RSN

A AN
ST WGP, v

A - T T e e e e AT R
N  a a e a  aT a aa  AP A S ‘.'\."_'i



- T ke
p .
=4 P
. ...q.
. ---
Ny
S ....w
...\
- 3
. - °I ....n
ﬁ.. ¥ ’ ] ’ LI .... LI ’ .....A
. ] H ' ' 1 s ok g
., ' t ' ' ' 1
3 : " | : : 1l zz g
N e SR S B e e Ll I HH 838 |- o
2 ; “ : “ “ il 55 %
o H ' [ 1} o
b I NN m. ....... m ....... S 1o ol S N S H = 7]
S R I R 3 ' ' 1 ] " 4 ' — e ] e
. 1 ’ 1 ’ 1 ] ' a0 (5]
3 © : : : “ ! ! il o ]
3 o ‘ : i N ' ‘ a ; 5N > a
. v - - s bomecons deens e R e g ----- 2 B~ B o
- ' MW ’ " . ] ' ' ] €S s B
[ 1t GO ’ ' [ " [ - ] “ Wn—.- 7200721 4+
Z 1 H H F : I - H o ‘ =5 ]
[ BTy ] ' \ ] ' : ' " N oo e
— z - R R e o et al r---pfV-go------ o mme- b . SRR R LR o @----- & -~9 o
= O w ] ] ' ' : 1 [l 2}
. T = O : : i ! B : ua ~
w S o “ { " - a | £E o
R IRt SR (I SIREEEE §emnnen- ymmes-e- P S Fg - . 0
SHE8 . S 1 .
' ’ t 1 [o4 '
. r® e ¢ \ : ] o : o ©
i i e f--a-e-- T . LDhbld LT docomann deccaene ) - S ba it vﬁ. ..... [ ST e 1 ) o
g o H m a- 1 i ’ ' ¢ ] =] -
B € ' : : : ' : . A
| & & " : " “ " g .| " :
o e Ko e B L ... P S R DRI =}
. - JE 1 - H i H b ' H s
o« @ ' h - ’ ' ' ) \ )
- ' ' ] ] ’ ] 1] O
T & : “ : : : e ! y
’ n m ||||||| [ PP 1O - S S, b P JE [ SR S -, WS 3 - | S PIyEp—
: =2 " : “ “ “ B : #
M P-4 [ v ] 1 ' 1 ] ~
. -— ’ 3 [] ] N [] ]
. A— . — < g
A [ SYRPIpEpRpRpEp SPUpIIRpIpp R vy ¢ * TN PISRIDUN SR SUNNUEPERI SERRI - YN EPULINNERIEY SNSRI SEDER [}
‘ “ " ’ [] ] “ (] .!m [) s - 4
’ ' ' [} ' H 1 ‘ '
] ’ ' * nu ’ ' ] [] ]
' 1 ' ' Opn ! H ' ' i @
[] ] [ ] [ gh » [} L [ “ [
||||||| e e g A e L B e e ettt B -—--rpecvecangecrreos =1
) ] i [ ' [« JNY] [ ] [}
] [ ' ] ’ n-wu 1 . [] ] o
t t [ N ' 3] ' s t ' ot
; ' ' ' ' 3 ’ 0 g R ' !
. ! i H ! : M !0 o . H N gl
P’y . R oS oy . ¥ L] ¥ F 1] g .
' 0°08% 0°0kt 0 02t 0700t 0’08 003 0°0% 0D°0C 00 0°0Z- 0'0%- 0°08-
b SY3ILIN -~JONULSIA SSIN
td
3
¥
L
L
L% g% o8 # E b U I 2NN AR S il i R N I I ] Pe 'y a W e s VR, v ¢ e e - - P o e e . 3
« 8y . AT — CRIAREA R SNPUATITAINY, . AN T T P R A LIS A R e RTINS T
-.. LS f&\‘ . --1‘-,\.54- \.n- » SN e ... P -v- - s \n\: 3 -.. o .\..\.-- AN ..- e * ., .-- .-. P L. J f- fqan AR IA p, «.4 1 w...- ...~ -- -.- By ﬂ\.' --”u..--f.--mnfn-.. J~Jm -. .\--(-l.\-,v-%'o"«t bv\lﬂqulc n ,



% ".':if‘\‘:'a

.
1

L)

8TH CRSE
INITIRL TRARGET ACCELERATION- -4. G
INITIRL TARGET PGSITION=--6Q0 M
SAMPLE PERIOD-0.05 £°C

-

-

AL

.‘l ‘I 'l \

s

---..-.l---.-

.
)
—-————

T A

[y P

encsscheoesnvissncnducacas

| I

—won e ceosanboanne

14.0

i
| 1 ]
' 1
' 1
] ]

e r.----a...-..i.--..-

P
-

s Lt
[P
PO

o——--

ensevwdess res s-.--h----.d-.--.-

13.0

.-.--1-.---6--.-.-

)

1 ]

1 1

] 1

' ' 1)
ecwrwehcvaccldccvrsdacsaps

AJ.!{I‘

L
Lo
0
[

hl
oo~y

PR,

2
I

pronva .-----r--~--&--.-.

envemcsebhacccclbcnncabaa-a.

B T S
PRIPRPI R,

)
)
1
1
t
..-----.h--.--
[}
t
[
¢
.

- ™ ! : P
] )
\ ' P A
1
S Q ' ' R 3 \ ]
- —-{»---.-1.--_--' ""'f""""’“""""-"“'1"“":’""'1"“"‘;"”"
ol - ' ' t ' ' 1 . ' V '
o . ' ' ] ' ' [} ' ' 1
s ' } [ . I} t ' '
7 e h ' ' ' 1 1 ' ' \ '
oot °‘“"'"f""'ﬂ""““""1""““""‘f"""""“?"”‘f""‘1""'“
o - ¢ ' ' ' 1 s ' ' ' ¢
® . [] ] ] 1 1 : L] : : *
- ' ' 1 ' { ' ]
) Qe 1 ' ! ' ' 1 1 ' v '
: Ll 2} o ccdeccccabcccnciconcndacnacsharsandocccadesrancbrccandoccccdecnces
L noe 1 [ ' [ 1 ] t ) ] ’
2 3 e
- ] ’ ) ’ 1 1 1 ] ¥ )
. S N ' 3 ' ‘ ' ' ' ' ¢
AN o D"J“"""""'"'"""f"“"n"“":'""':"“"‘""":‘""'T'"“':“"”1
-
)“- 1 [} ’ ] ' ] 1 1 ' f i
- ¥ ‘ ] ¢ ] 1 ' ' ) s
LA H ' ' v ' ' ' ' ' 1 '
R [~} 1 ] [ [} (] (] [] [} [] (]
. g T L e S L B R e L
]
‘ a 1 1 t ] [ ] ] 1 t 1
e \ 1 ' ¢ ' ' ' ' | '
S j N v ' 1 . ’ 1 ' . 1
- [-] 3 [ 1 v . v ] ' ' '
P E @F =-mevdeecacdhccanatlociandiacecrbonncctoccandacaaccbecncate e adenacas
.. L] ] L) L]
.-_"- ' [ 1 ' [} ] 1 ) [l .
- 1 . L ] L} 1] t ' 1 ]
P | ' t ] 1 . ¢ ] ' '
- o ] 1 t ' 1 L] t ] [} t
S ph e cemdremenrhecccsbocnendrrcnnchorsnacdocncedrcenccbocercdnacncdecnaas
-, n ' ' ] ' ] ' 1 ]
‘ t i ] ] [ 1 ’ ' ’
1 I ] ] ) | \ 1 1 ' 1
/ ] 1 ] Ll L3 1 1 + ) 1
o ' ' ] ' [ 1 ' ' 1 [}
f\ ‘v condesennels somaebreccandessesehacsserbivancnsndoccs s shocacnndacascdnwnome
Y - \ [} ' [ ] 1 ] ]
s 13 1 1] Al L] ) [} ] [} ]
- \ 1 [ ' ] ] ] * ] [}
N ' ' . ) v ] 1 1 1 ]
-~ - [~ ] (] ] ] ] ] ] ] ‘ ]
<~ e cndecnracheccncbecnccducsnevhrsnsadocancdencasnbhccacninsnnadeconne
T Lgd \ [ ' ] \ ' \ ' '
- ' ] ' ' ' ] ' ' ' 13
" ] ] 1} ' t 3 [ ' 1 4
— 1] ] 1 (] A (] ) + ] '
. -] v [} ] ] [} ' t \ ' '
pve . hi"'"""""":‘"“':'""":""""‘:'""":""""‘""":'"""?""‘"‘."""
™ 1]
e ] ] 1 ] [] 1 ] ]
% N ] ' { ' ' \ | '
- ] [] ] ] ] ] 1 '
P (-3 ) 1 ' ' | 1 ' ' .
it '-n----—‘.-_-..r _——--e 1 ST
[l 1
4 1 ]
[} ) 1
M ] ’
L] [] U

Ll L3
\ '
] 1
1 '
-.---A..o.-.-l-----.‘s-----l--—.-.4.-----5.----

1
1 '
[ \
¢ '
1 [

manma
camma
- ———

(]
(]
1

-
e
g
s
«
¥
©

& ¢ 0.0 .0 8.0 7.0 0.0 %00 1000 10.0
. : : K

FPigqures 4.18 Commanded Roll Rate-Case 8.

AL

(4

109

0
"."\v'\r

."-’
[N W R




TN ey e Tw ™
A

.-
e
3
l.. T
. - ——
.. e e e
“,. (-
3 T \ ]
: N R S S SR RN S B R 2
[} : ' -
. : : m " “ . : “ " :
S S SRS N A P i " : “ m " “ g
--------- N RN S SN R 4
? “ " L] [ [ J “ H - “‘I 1m
3 ; . " “ “ . : : “ . -
3 " " " " : : " " : .
lllllll er e v e o e e e m e r T - —— - :
] . : 1 : : oo romneees SRt R e S 5
g ! ! ! ' ' [ [ . ' 4f ' 8 >
. s X “ “ " : H “ n “ r “ i
S N . . [] [] ' 1 ' sh i
‘ " g : “ foneoee s IR SN oneees oot g 7
s - Rl R A A R A R ) H
: B g ” " " “ “ “ : " “ “ s g
I w " Ll ’ ' : : 1 H H .. : : 9
.. 51@ ... R I IR o I N ; ; " 3 :
=3 : : : : " T g v . I® 6
v [} ) H
w m -t nw ' n ] " " “ H " " -
W Inid - S R booeees  J— < . : “ . o 2
£8Eg A S A S i £ i
8 m H ! : ! ! ’ H ' ' a8 (0}
rE - o i i i : : : . : " a
: ECne | S S I ; ; " : : - p
_ CLeE* : : A v 3----o ARSEELE fom e em e bomeeen fomooeee domooeos g n
v i [
. S E u R e 1T
. x = L. J. |||||||| “ “ “ ] u “ “ ' -
z o : L Y eeeel LRI « S "o v . ’ : a =
EE A S S S E R A A S
2E " : “ “ “ “ “ “ “ “
| = M ||||||| L ] ' ) ) ' ] ' H -2}
! H i noTTT P g A P [ TR poee - : # K
. = . " “ : ' ' 1 1 ¢ ks %] *
._ =z . ; : : : . “ “ | .
: “ 1 . “ " " " : . u .
S R e datialy . * bk * llllllllllllll ¥ S | H H H nl o
m : ' : M : : . poeooes fromos L e
. H “ " 1 ] “ u ' i : &
H [] [} [] ! ' H o
/N I S LI T . .? |||||| H H H “ 1 [ [l o
: ; : 1 Sttt R i e b Ammmmeoen roeeae tecoomee ‘-- > .ww...
' ' ' ‘ i H ‘ H : . B
.‘ A
[ ]
: : K u H H “ ] [} [l [+
A 0°0f  0°00f 006 008 00 . % : 4 n: : ° i
: s 009 005 00 00 00Z 00 0 _
: G°0S/SYILIW - NOIIUNITIAY P
4 5
, :
h g
. ¢
w. _ _ _ s e e
w —— — T e S iy S e et O .
]

y
y
]
’,
; '
<
N )
> ¢ o, 7
- ]
. : . ; 7 RS ... h Sl RIS T FTL PRI ot S S N L I R
: / N N A AP <4 T N A
. . . N 1

-cv-fnvﬁa




8TH CASE
INITIRL TARGET ACCELERATION- -4. G

INITIARL TARGET POSITION--500 M

SAMPLE PER100-0.0S SEC

SaY -319NY T0d

. . B e

A S —— Raand
(-2
4
L] " s =
" ] [} [l [
' ] 3 4 [ 1 Il 4 bt
. [ ' ] ] I g [ ]
1 ' ’ ' ] B ] ] o
] _ [] “ z [} u .
[] ' . - )
cereccmagemnen= LR L L R el AL LT LR PEEETPEPR P - -cov.....-uvtvov-:-ulnuuocf..m
N ] 1 ) (- ] » -
' s ] [ (W - [1
. ; : ; “ - “ .
] - [} .
] ] [} ] ] s ' ] nw
llllll L LA R A R L R R e R e il L i A e e DL R L S I L L LS T I PR LYY LTI L o
] ' ’ ] ] 3 - [] '
' ] 1 ’ (N - 1 ]
[ m “ u (D - ” ]
] 1N 1 8
1 ] s t N ' ' a3
||||||| edececnrmondaccaa - L P R LT TR PRI PRt [ P i R | L
) [ [] [ ' [ t ”
3 ‘ [ ] 8- 3 t
] ' ' ] ' B ] )
. ' ' ’ ’ ' * '
' ' ] ] ] + B [ » o
] ] ] t [ + B ] ‘ s
lllll LR LAl XL RS J!'l-llli‘lll J"I‘ll'-."ll‘-l"d'!|l|||ld .l IlllllJlllll'-‘J lm
] ¢ ] I3 ’ Iy - ] '
t ] ] ’ ' ' B ]
; " “ " ; -
’ ] [} [} 3 3 ] nm
- m~r rr s vcvracrdorcnrmacordrncanrerdoomrasacdvaccee svdeccevoccardfioncsnrrderonsacnnddoccruncves lw
* [] [ s [ ] ' “ ‘
] ¢ s ' [ ' ] - [
“ ; ; “ : “ : . .
' ' B [
; i ] j ; i 1 — 3
L A R E R et il L Ll T Ty DY r Yyl (RpGIRSp R (1 -~ PR PR o
’ : 1 ! 4 i ig ' ]
t ’ “ ‘ ] g -
] ] ' 1y -
3 [ » m “ -
[ ] ' I R =
- | SO ! ' ' ) ] (- ' | ]
e | R T L e LD LT - L U g m- - cecqgfl-rerroqrocrrrricqrenc ey
. [] 4 ] ] ' 1 B ' ] -
] ] ] ] ] . (8- 2 ]
[ [] ] ’ ] ’ [ - ' ’
] ' ] ’ ] ’ | N s ’ ©
] ] ] 1 ] ' + B ' s .
|||||||| L R R R L Lt L E T upipur PSS SIS Ry §S = DI PR SESI U lm
[ ’ — ) ] 13 —
H } ' ' 'K
| “ " : ' B ;
B
.“ ‘m ] ’ 1 - ’ ]
4 - e e cmann .uu||||||.“-||v|n..o.._nni..uvca.—ao-..uulu.“ ----- ...“-unn-nuvu...vcunlc S o]
» [ ’ 1 ' 1 [y - ] 1
] [ ] 1 ] t [y - []
’ [l 1 [ ' ] 1 [
[] ' ] ] ] ] t B 3 [
] 4- ] [ ] ) [y - [ . - m
PR, J-{ PP S -- [T T . premcconas P T A LT O
] 1 ] ] ] [ e B 3 ‘ -
] ' ] | [ ] ¢ ] [}
; " " : . . e ! ! q
. 1] ] [}
] ] ] ] [} to —u. (4] v [] 0-
- e e 2 A e s 4 \.
R .dw 01 3 LJ -i L A -- -- .
0z 8t et 4 't [ | e'0n 9°0 Vo [ 0’0

Roll Angle-Case 8.

Figure 4.20

11

i

DR
>

S YA

~

T

s

SRR
ICAR IS

AAWLIRIE WY

e . « - PR Y
TS TR IS 0 NS

Te ae

VRSN

> >
AARNL Ao



™
i
|

A
& v
',
\.4
x..
2 .ﬂ.
'-” .ulll‘
NM .\“\-
5. ;
‘-. ...
v.”. 4.
B ‘ - |
v. . “ - .
’ . “ “ ” " " "\ : I
v-. “ - . - “ . “ " n
. v [ u " . . .
g v B LT, ~ ” ]
. ; " ' ." unl.-|||||:|.-||vv||nvncn “
' ! : : ' ) oo ] SRR -] K
ﬂ. IIIIII Q*—Olll ) “ 4 “ m “ " ™ [
: ‘ --a-".:«\---ch--c--«-c-u . ' : : a
W\A “ ' “ ¢ lllt-llll\}ll lllllll A“ llllll ! [7}]
| ' : " . “ ' " H ll-Ylllll\lT llllll ml s
\ cemem—a " NS, .P “ ” “ n “ “ - ro
ﬂ. ~° ; e beeewnnn Bemmem—- .“ H ' ! (-]
- ; ’ . 3 I RO PRSP .. t
a-U - : ; ' ' T - | SR, :
(= | ] ’ H ' ’ H ] R - w. u.
— RV ' ‘ : : : . _ : - ln
, O] b b [ : : : : “ d
" “ et EOCTT SEEPERN R ; : .
; ” : “ v " ? l" lllllllllllllll >
[N ] m - O t n ] ! ' ] . . Y oo In re
A 7 ------ S-S SO ' : n ] " o
] -~ " ; -ou“.lt nnnnn Gromcoan .n 4 “ i |
: . " : ' ittt e e wnesar ate - : 1 3]
r-. [ 1 n.i— " : ; “ ! “ et sty St St ," lllll > 0
| [ R = | . . ' ||Alm 0
. bt J----- 3 H 1 ; .
- Sy e el i H i i _ . a
.. | g L g |- | S | SN ) " : o o
" ©C L ! “ | A Attt ; ; & ® -
d i . . : “ I | S R :
. o f.--. ' i : : . . r.u
r-. = l'!.‘- llllllll rrmrr——- -Il u H “ “ n
,.. E ; ! e [T L : ; : o
: - “ ' ' Rt S | " H n
: 5 | . “ “ “ R St $-------4 g s
g :|v|v||... |||||||| uun.. nnnnn : " ; u . " o L
3 b= Z ' n.v |||||| bm— e H ; ; .
N - 1 “ ] 1 |||t.lvl||t\L lllll ! “ :
: . “ . “ A B e meamn [ h s
v. S ; mv “ " { ! H mdoono-ne u
r e weeboconmac oL H | . _ Q o~
ﬁ.. " : _. u-'m ....... R AT N “ : " .
7.. " “ “ “ " ||||| m. ||||||| |l|||||b“ ||||||| m- ;
AR I I o : “ “ “ " o ._.. |
-\ " “ II"Il"\!I“I\II!II." llllll " “ “
' ; - . lllllll —
. . - | ‘ ' \ PR R R -—-- ! .
ﬁ. n L“ “ m “ “ m m m Rttt ;..0 H ‘
. cre Y $ rP. . [+ ] : .. . [.T]
. 0°0iF 0008 D08 009 “0s D : ; " “ @ " ° :
: D 0°09 o.mm =.._.uv D : 0; u . :
, . 235 05/S431 M "0F "0z 0 ;
; JL3W - NOIEIUN3IN3I0Y ’ oo o0 ;
-h.
’

T EE " :
L ‘--. ' ..‘....,. o
. .. . - .. -. « “.-.“.-. tLhD“ n“\:.%--\

12
FEPAFLIR




3TH CASE
INITIAL TARGET ACCELERATION= -4. G
INITIAL TARGET POSITION=-600 M
SAMPLE PER10D=0.0S SEC

15.0

14.0

-

13.0

i+ L

1

8.0 8.0 10,0 1
1 I [}

7.0
L.

ROLL RATE- RDS/SEC

L

2.0 3.0 4.0 5.0
i

---—-L-----1--..-

‘ ) [ ) [) \ 1 [ N
' ' ] ' ] 4 1 .
[ L] ' ] 1 + ' ]
' 4 ] [ ] ] ' .
1 ] ] ‘ (] [} [ [
..----‘---.-1-.-.--»-----1-----.h--.--:...-.d-..-.a&---.
| ] ‘ '
' ' ] ' [} . ] 1
1 i ] ] ] * ] ]
t ' ' ' T ] ] ]
3 ] ‘ ’ ) ] ) )
h-----d---.-*—--..-f-..--ﬂ--....s.----f--.--1------r-...
t ‘
[] ' ) i [} [} * t
' [} ] 1 t ] ' ‘
1 [} ] 1 1 [} ] +
| | ] [] 1 ] ] ]
»-.---d--.--ﬂ-..-..f-.--.1---.--r.:.--t-----J..----L..—-
[l
1 ' 1] [} ] ] ] 1
[] 1 ] ‘ ] ) L3
1 [} ’ ] 1 [} )
) ] ' . [ ] ]
n.--.-d..~-..r---..f-..-.1------r.----t.----1...--. ——-
1
] ] ' ] L} . )
' ] + ' [] 1
] ’ ' J ] '
] ] 1 t ' ]
h----o‘..---*—---—L-----{----.-&---.— woewsdessansbevas
‘ 1
[} ] ‘
] ' ’
' | ]
] ] )
beccendancastn h wecembomcae
|

.--..L-----1---.-
[)
t
1

1
1
1}
L]
1
]
1
]
[}
-

cnavsduscanchaney

SR SR S

]
*
[}
]
-----1-.-—.-5----- -----1--.--. e

.
[
[}
&
1
]
]
[}
'
A
[]
]
1
)
]
L
i
[]
]
]
1
L

1
[
]
-
)
'
]
]
'
-
)
'
'
1
+
cscenstbhonme
’
[
1
'
'
[
¢
v
'
]
t
csnes r

emacP e cacpaacanpemanapenane

P L P L Il T L Y TS Sy

'
]
]
.
-
[
[
'
1
]
-,
t
]
.
[
[}
-----1--—---
.
]
t
¢
»
1
1
]
[}
[]
o

B R R b T R R T e T L R R R

‘
. ) 1
. ' '
’ 1 +
1 ] 1
Len coadsnonsshanncabcncna ------r----. cccendroracchanss
' ' v
' ' V '
a ' ' 1 '
' \ 1 1
. > ] 1 '
SRRene DEL LT T e e e b LT LT LT L L LR L
[ \ ' ' ) 1
1 \ ' ' ' ' '
1] ’ ] 1) L] ) ]
' ' | | [ \ '
' ' t ' ) i |
>1:---d-.---—S----- sonswdeaceschacrccbencencvascenshnosoe
1 t \ t ' ' 0
‘ ' ' ! ' 1 '
{ ' \ ' ' 1 1
1 ' ' 1 ] ' '
n 1 ] 1) [] ) 1 L)

8
(-4
b
8
o
8
(-]

0.0 0.0 20.0

8
.

[~}
o
]
(=]

=

t ) 1 §
L] L] L 1 ]
] [] ] 1 ‘
] 1 ] t 1
P concade wlnwenee -----1~----.L-----‘.--..d----.
] 1 [} [l
[} ' [ [] 1
' ] ? ] t
1 1 t 1 ¥
. 1 ' t ]
browoanleonanw wemcmebecnew -----.r---no -----1--—--.5—---—L-----J—-----
\ [} ]
] ] ' ] ]
1] ] ? ] ]
) 1 1 1 .
t [} 1) 1 (]
perconasdaseaa -——-- vensnlcanscdascnssbancsvedcrsnscdanewen
] [}

cscnadena e

corrodonow s

apones

cacsabocaca

-’--~--f-.--..

. )
+
t
1
-4-----1.----.
] '
] ]
[ [}
] [}

cdnomowdecane=
1 )

' ]
[] ]
] (]
] (]
wdascwendesena o
]
]
1 1
[} 1
[} ]
edrsvendacsnane
1

-

[}
L)
]
[]
-d

S S

)

[}

s

1]
-‘---—~1.—----

1)

]
[}
]
]

LY TR Y ey

N Rt T

[}
L]
4

100.0 110.0

Pigure 4.22

113

Coamanded Roll Rate-Case 9.




o, g
p°- .
>, "
p --
9 o
p ....
3 %
2 M
'-. -\l
.« 4
‘
3
.. —,ll-' - e e Y .
ﬁ. ....
- o o 1
: &
2 : ' ; : i ' P - ; :
; 11 ' ' . ] 1 ' ! " BA
g ; ' H ' H : V i : v
. Aeo : - ’
A e deeenmeee ST foemeeee fomnnnnn frmne- {memmeees gl B S |- o
£ 4 H H H ' ' H ! — v
' H H ' ’ : ' - : 585 g
. ] 1 ] ] [] ] ' O 9 th
. : H ‘ ' 2 ' - . tad L) g
L R tremeno-- $omeonce bt ety goommme- 4o--oo- ARl hbhiatty of - - Al 2 o ).
. IL) ’ 1 i ] ' ’ - 1 (=] m # N .
. ; ; ; ; ; ; ‘- * 4
s x : N > SN
+= | NSRS UV SRS SIS VNS NUNY - 4 DU Rl 2 @ 2
. ' 8 " " " m . “ il 855 o
o m ﬂmu nﬂr—.u ' N ] : “ " : “ Mrl—.— m m (&) ......
: IR : : 1 : : : q: ] oo ) g
a ez b h ety Fomm-—-- [ et gomem=m- L Rt h ikt - Sl ittt g ---14 -- m Eh
S H = oW : H : ! ! ! ] 0 0 ) :
! g =2 T A A . ] | 2% { o
A WL~ ' ‘ ' ' ' : : . = xr - D
" w0 8 - drcconme beccanma bovemave bercmnne dvemcnea D R cwnos -- 4+ ;
[ oo : ¢ ‘ ! ' ' bd: 0 ' 0 -
A °eyge s : H : : ' ' 1, | oo o
. o H ' ] : ' ' : Q. B
b, =P i I 1mmT e I e w ...... m ....... q------¥ . iaiaiiatd ot * - galll | SRR Rt n - o
% m w ! t ' ' 1 H g ‘ H u - Oh
. ; ' . o
S I O N N N i :
: x & f..... s SR S  J— L LR ) VRN S : S - R e
@ @ : H : ' : : ' : :
. s | ..n“ o “ ’ ' ] ' “ “ 1 “ - .4
. T b : : : : ' ' ; ! ! Q 5
) =z f------ L. |||||||| e mesmen . [ Ry [ R, e —- drmemonede e en i - .- n. lllllll h ||||||| N ...-
: SE ; ] “ : : " : . : ; ...4
. m “ ) ’ ’ ' ] 1 “ “ =1 -..4
X : ; : “ " : ; “ : -3
''''''' H oo oo —e _ _ .e
. r b R Bt RATEES foomnenes eee-R-Me e frnennes domenoee h 3
| “ [ ] ] ] “ " “ " bad ....A
. " : “ : : _ ; ; 5
_ _ ’ ' ] ' ¢ ’ H : ‘ H -t .
..... R A Akt A At bt bt - Rhbbt Rilbiiid St b %
' ' ' ‘ 1 H H H ‘ o
A S 3
] H » : : H H H H o
. o) oy o .. Ll 1n1 n J»’ fn ...
0°09¢ 00kl [ 1A ¢ 0°ont 0°08 0°09 0°0% 0'oz 0°0 0°0z- 0'0%~ 0°09- s
SYILIW -IINULISIOC SSIW 7
_ 9
I.'IA
¥
i ,.u.-
A..
“5
»—
R
N
B
f—
.
!

RN A....,.-‘ [, %,
TNt .o.4W(w"\---\.\-\-\m.\r-‘!bc AR

A A B




k|

T
s

‘.

¥

Ol A A At

TR

e Twrwy

Lath BOE oY

e e

ATEI T e S

Lol ot o o)

I T,

f
SOd ~3719NY 1104

YA AAAAAS
t oy ”l\ﬁ.q\-\--.t\.v\ --

— ———— ey
pict
o
[] . ] ] [ ] [] . ] -
' t ] ] 'Y 1 [l [l ’
] 1 [ ‘ ‘ ] ] ‘. '
i “ “ i “ : . . . o
ISR R S NN SN S P
H 1 1 ] ] ' ” ’ -
] [] s { [} ]
: : " “ | , “ :
‘ ! ] ! U USSR SN SN S a
i " H " . : " “ H ke
@ " ” " ” m “ " .
[ = H ' H H ‘ { ' H o
Lol 4 ."u-unll..u.“u - ‘ou-.“c-ncnc-:“os-nn..-L-:-.-u-c.. ..... SR EEEE SRR LEPEERTES
! m : ' ' 1 H m ] !
L OO H ' H ' H . : H :
5414 " " . : " " : “ : S
] [
w W w Rt t A Stk | 1 ) Sl M IRt o ¢
- O v ’ ' ) ' ' ' ' ] ‘
C — O : ' H : : : : i H
m_l 3 \ ] ] [] 1 1 “ 4 ] o
[N ] — O [ [4 [ ’ [ ’ ] & ] .
O 3w - doemocroedues ceadeosncsveonnduoanneoed Aa|l||||lA0'l||ll|L|010v-os4vn
C RO a ' " : : : : ' : "
oA O 1} ' ' ' ’ ' [} 1 ] w
[& ] — ' ' ) ] ’ ' ' ] *
X @C b~ O 4 ] t ' ] 1 1 ' ’ o.
(= (NN ..-:--.--.a J P |'|._n¢|n..|n..._||-..v||uu:-||c|u.*u-n|'c:¢nuo..n|:ﬁo ....... ‘vu N
o (9 o H i , : H H s ’ [
W 1} [ [ 1 1 1 _
0 @ i ] [ ] ' [ t
= : " “ : “ : a |
. s~ . . P S 1 i
~JE 3 i 3 H 3 3 3 H L
255 SN A
== L : ; : : ] : : : -
= t ' _
—
S I ARSI USSR NN MO -
ll‘ll‘Jl-‘Il'l' - P R Ll LA AR R TR R E I PR A L R LR R R X
. 1 1 ¢ _ 1 : “ R
' ] ] [ ' ] )
) ‘ 1 ' ' ] .
! : “ " " “ : 2
< ——— e oo w. -y < JC\IIIOII"|!I\'||J|l'l|lll;'°
] [ [] 1 (1 ] ] . bt
] ] [} ] 1] [ ] [}
" " : ; " ; " " o
: ; kL e : : s
\J i AJ L Rj ) 1 L .‘
3} 9t ¥l [ 0t 8°a ‘0 0 z'0 oo

— i T . " G T w— T p—— - g S g b

RAPIRINE S S R

. ...- .. ... °, .- .-

aoll Anjla-Casa 9.

Pigure 4.2%

115




—N.
)’ - :
i
g
g
g
'- “"'-"'l
v-.
3 ———— —
w. H ] [] -
: ?
3 “ “ " : “ : : ; . '
3 ) . : ; . ; ; . ; “
r RTINS ] : “ | { “ : .
i y {----ee- e  RRETEEE S ALSTETTEY LOTTTTE  EETTEP R [- 13
! ' ’ ' [ 1 1 H HER: TS S
] s 1 ] ' ' ] H H a
] H s : ] . : ! H o e o
b . [ ! 1 ) ' H ' HE + - :
r. llllllll t e - R D D b T H : : ; ‘ .
t ¢ P LT P B e P . ‘- : i 0 12 "
X ) ' ' ' : : : i {mmommee- L -3 o
| = “ : . . . ; : : ? - <
A [} 1 H ' [] s H u- o ’
g €« 0 3. J 1} [} . [] H ! o ]
[ = gmm e bt deeemeae- A i i ; ; o ) ! s ;
. o ' ' H ¢ ' g Ao TR R T L & !
[ [ T R A ] ' ’ H t ’ ' ' - | ‘ i a
. H . ] ] [ ] ' H
. 514 " . : : : : " p° 3
D - N ' ' ! H ' -
) —. ‘ -- s L IR I I g '
5 =3 . ; R greeeeeee §emere- . S “ a o
[ C — O ' ‘ ; H } ! ; I I
S ' ' H ! H ; e i A it
wht g \ i ] i : i P g0 H o
ALl — o : ' ' ' ! ! b P i i . a
L0 T foeeeceteeeaeee dmememae - ‘ ' : 10 ' '
oo : 1 4= PRl R Rt 5 I ‘ o ®
: HE8 “ . : : " ; - HE | 8 o
{ < — H ! ' [ ' H n H : o
8 i @ o ' H H H ' ’ a H H L
. 5 xR0 . L 1 H ' ' H ] ’ H » - K
; 5, HE ARRRSNES SRS SO WSS NSNS SN OSSN N b o ]
: WE ; : | i . R NS R e -
@ & u ¢ : ] ' i o 1 i : RY
3 g3 : : : | : p ' ' ‘ o
p —ax fFoooe yeoeee-an L L S SO ] D; 1 : H 9 & g
. @ « [} ’ ' YT y~rommone e een. yeommoan --- 3 = Y
P -t — N . ' s ] ' o [] ] [ M Alm o %
. T ' ' H H I ! ? ) = -
a = : : : ] v a : ‘ ] o .
=z o 4---m-me- deemenes L b L= NS SOV : ‘ a o "
. z : ¢ ! : 9 R i R e 47 - © ®
. — “ ! ) “ o] “ 4 “ n - X
b ! 1 H ) ! e
i - . : PGB “ | : :
| {--oooo R e . N R I | A 2
] A O $ >
. ' ' H » O ' ' ! ._ v -re N ]
2 H ' : 1o i : : ' : B ]
N R N : u “ nﬂ ” " ] [] “ a. -’
PRSP P [} [} » ! : H B
X ' ’ 1 o ST TR TR ymmmm—e—- qeemcaaoe t-memmm~ . 4 2 By
’ ' ' o ¢ ' 1 3 R AL T T ymemm-m-- t+a o "]
& H ! ¢ D ' H ! ' i ' " $
: : “ I " " : . “ 2 %
. H H H ' ' : : H
g T . -+ -+ 4 4 ¢ i ] 3 o
- oz 00 08 0°9 o'b 0z 0’0 B 5
] 035°05/S¥IL3N - NOIIUNINIM g
. " * .!"
b A
o B - - ...J
2 g
b ;
v 2
. .
v
-q-“
v Y




3 e e e
v-.4 .-.
h :
b ;
3 y
y ..
b ’
. o .
ﬁ _ U‘ . 4 i .\
y . y " : H . ' : _ |
) ~ H H ' ] i ' ' ! ¢ g
: “ ; “ “ . “ | q
HNL D S SO R R R S I R I fommeeaee o .
r i 7 ) ? ] [ [} [ o K
. ! 1 n [] ] ] 1 t |
- . : : . m “ “ “ " o = ,._
g ; : H 1 H LSS S S S . - ®
JENE I T . . [ i “ : “ : * )
g ' ' ’ ' ] v .
b (& » ' 1 * n ! !
-« O “ " “ “ ." ." ||.“ |||||||| o nmv .....
¥ Yo |} domeeoee- Joromens demnmenes fommonees femmeees dneenne fomneo o f-oooo- : ¢ !
b [} [ ] ” ' N h ’ “ “ “ v X
- D H H : . . » ’ [)

o § O H H ' ! ¢ ¢ : : ! ° o

v. N H Ll { ” “ 1 - | | S e [ J- |||||||| * R

, G2 Fe- ge-nenann B R me-eeees oo :] 1 1 1 il

& — = ' * ’ s ' H ‘ : -

X £28 : : “ : " : “ : -

3 & ” nU. “ “ ] t ] [ ' ! o o

o Ll ] H H ] ] v . e e 2

* W= 3 demvrene cdemcvomos [ P, de v one derececnona PRI - v-- ‘ ‘ !

.. S@8c : . . " ! ! . : .

¥ © —PJ.. m m : H ) 1] s 1 ' ' t » o

- o x H ' : H ' H H ) 1 o [ ] =~

: = € J U T decernnn ) S S | I docoeeann T P S g g -

x bt Lt f----eom-- ety (] ] ] ] ] ] ! ' a -

[ —Hes : : : | . | ; . _ o

; W & ' ' ' H ' !

3 e E o . . ” ; " “ " “ . o :

b & = " “ 1) 1] L] | SO | S L S ." IIIIIIII m .

' @« | e b Defiatdiaiadathdind b S \Tmmm——-- h ik s b 2t - A h o

- - X ' ' ' ] s ' ! ! ' 9

3 =6 . u ; ; " ; . ; .

. o H ' ' ' ' ' . ' ' o

b - e ' ' ' ' v ' 1 . . o

) galieed P demcccaan devmerom- J- . Sedecmmne—n P P ]

=22 D T . . , “ " “ “ e

. =7 u " " “ ] i ] “ ~

. = ' : ) } ‘ ' ! a N

- - H ' ' ‘ ' ' ! ‘ N 2 <

S R e fnomenns fomrennns s T Jomommreedennnnces fonceeee fremeeeeed g

. [ ] ] [ ] [} “ “ H H H e

o H ' “ “ ' [} 1 4 ' u

-’ H H ' [ t ! ! ! ! o

S R S - S S [ R B LT Pysp—— Ancmemeos e -cemcen e wn “.

/ i . | | . “ “ : : a

.. “ : : : : H “ H H a [ 7]

“ ; : ] : i i i i d

g L- n .p ¥ 3 y ¥ ¥ —J..D o0

’ o't 8’0 80 FAL) 9°0 S°'0 +a (1 2’0

335/760Y 318N 10Y

..... 3 8 a1 %a%e" "
y 4y »
",

e e . . .
R AR ] ...” g ... ......Jq-.sq-.."... ., ;.-. IR YT




X
-+
. ‘e
. ’
. .-.._
W-. ~l“_
& s
. —_ - -
X ‘.
b, ....
3 : ! : ! : “ T
3 " ' ! ; ” ; s
., . ! H H ! H : Z Z
e Reeaana vedecerenan L P N { § P 1--4 oca l-- i
. ' ' ’ ’ ’ ’ —— .,
., ; : ! ' : : 65 s
; ; : : ! ; : &y 2
SH b R e rccegervcnavedeanvncca e mn e e deoscwen d - @ & -a L )
r H H H H ) ] ~— = o .,
. Py 1 t ’ ) t [ oo - s
' ' 1 ] 1 [ o
X R = : ‘ : : : : SN g 0 X
. @« T e S Joomvonan B S ¥ . Y -4 G . I-- 0 ol
9 O ) ' " i " 1777 - .
PN o ' ' ' ' ‘ i (L o LS
- 1 B o » ' » ' ’ ] W on» (3] >
. . ® ’ ) [] ] S e e L e
b Z 1 W} [ “ 1 “ " “ el =] ] ”
. o W ULEN SO § PO R SO N P, 3 3 SOOI 1--1 — o -
P - = 5w 1 [ v ' 1 ' [N ] 3]
) ¢ ' 1 ’ ' 1 v o b
p C — O ’ ] ’ 1 ’ ' —
’, w N = - 1 ) ] 1 ' ] T T (4]
. 1 R RS [ AU a——- deceeaond —-- demeeeees iee - »
3 ST T R S il e n
‘, r ' ’ [+ o]
3 ECeE ) I | e i foeeeee = —. # . O
. ©Q ¢y B o 3 ] " [ ' ]
! — i@ : : ; ' ! ' ! q "
p . 0O @ L} ' ' ' ] i ' ¢ b
S €= " " ” i “ " : =
1.. s - A--meme R Rt - --m--o-- - 1
” @ @ ’ [ ' ' ' 1 ]
b o N ] ] [ [] ] ] [
' @ b ' . N N ] ] . ~
3 r— 1 t [ [ ' [ ' o~
P N |||||||| P PO et mwe- docnon we= <4 dowmrneoww A n - - —--- .
z " “ “ " “ m :
. ] ] ’ ] [] [} @
. 1 Beeremce~ .n llllllll .ﬁ vvvvvvvv 1“ llllllll .» .“ |||||||| .- |||||||| .“ llllllll 4 [
p ] ' [ ' ] ' [ o
. ' ' ' ' ' ¢ s o
, H ' H ' : ! : ot
[ 1] '] ] [ 3 4 . [
P R ST ST S A e~ e o= P - remrcaca L B L
A 1 » ’ ' ' ¢ 1
t ‘ ' ' * [ )
Al ! ¢ ) ' 1 . '
[] ’ ] ] [] ] [ ]
X i H H : : : : :
., ] N -- L] B LS LS ¥ L
. _ 0°or o'e o's 0% 0 [} 0°Z- 09 0°9- 0'e- 8oL~
ﬁ._ ~ SH¥3LI3W -JONUISIO SSINW
. .
-.. b e e et o o
-
.,
.
w.
>

ORI AP
REPREAIAN

........




“.«.. ey
2 2
»
i
1 ;
Th‘ ..‘l
L
h — S —
] o .n...,
¥, N I ' ] ] [ N 1 ‘ .....,
v [ ] ] ’ 4 ' ] ) ) ‘ "
- t ] [ ] [l 3 1 [] 1 ..
TS NN N NSO WO MOV MU N N T
- . -.
A N R I SR S domnene e I I Ot SR SRR I— <
L ' ' ] “ { ’ ’ ] ' el
2 “ : “ | . " “ “ “ o
z “ ” : : ; : " : R &
lllllll LR T R R R Y L R T P R R P L L EE A LR P LY Ll e ittt LR E LT R T P [V e
. H ] ' » ’ ] [} [] ] - ‘L
[ o ‘ ' ’ ' ) ’ ' ' ' ¢ A
: : “ . “ “ " : : “ o ’
' o X ’ ' " ] ] t ] ] ] L - 'r N
L - R I R 5 T, PR doermma P P, R P S, -] Ay
P . ] (=} [ [} [] [} [} L3 ] [} [] . 7
[ o 1 » t ' ] [ [] [ 1 )] {
g ' ' ' ' ' ' ' ' ) N
I WO QW ’ N ' ' ] ' ' 1 1 n ¢y
54 H : " “ : : “ " " " 2 o
4 . .
' — 2 -\||ll|l.uv||llll!.“lllllllo.ulu0 IIIII J. lllllll l.wll..l|l|ld—lc|4||ll‘“l|!lcl|c.“vt |||||| .—- ||||| - n—b ...
L =8 2] ' ' ' 1 ] ' . ' ' P e
= : { i H i ! i : : — :
Y, —Quu m — 0 ' ' ' ’ ‘ ’ ' ' : < o '
\ o | 0 ClaE R e L R P L L L L R Y T Ty edeorcace- o s r o= CE LT TR Y L Y n L
. [+ o [l [ 13 ' ) ' ' s ' (=] .
(&} Loa 1 [] ] ‘ ] ’ ‘ ] ] Ll
y Ooa O M N N ' 1 1 1 ' ‘ - -
r - (& - ' . ' ] t ' ' 1 ' = 4
@ -.m @ 1 [ [ ' § ' ' ) ' o — o )
.- o W Li f------e- Jocraana e i PR B T e L i PR - - - s
" O a ¢ * ¥ [ ] ' [ .
o = [l n ] 1 1 “ ' ' [o] - N
) WE o 1] ' | ) ! ' \ o .
¢ ( ' ] t t [ n ] ] K
Eeg : " " ! " : . “ “ 2 :
“\ t— m m - IJ“ lllllll Jﬂlllll"t‘-l!"lll!.-“ lllllll J- lllllll t.‘.llllll'l.“ lllll lll‘-l! |||||| d- ||||||| - w <.~Ad
. 3= 3 ) ‘ : : : H : : H ©
[ @ b 3 3 ] ’ ] ] ' [ . o o 4
F- = U SO 5 SRS SRR ST e C I R S eea P . i
. —- = i ' ! ' ' | : : | = d
s = *.
‘, — [] * n “ “ ] " “ 1 o Y
’ H [ ’ ‘ ’ ’ * t [ ] ' N
/20N I S foeeoonev Rttt S T Rt fommmeene Rt 1 g
4 ’ [ 0 ' ' [ ' [ ' o ‘o]
L ' 1 s 1 ' 1 ' ] s [
: " ; ' ; ; “ " “ ; -
v . 1 ) ' ’ ' ’ ’ [ o ol A
p >y feemeaeee e D R B e ek L T dersccnsaqremme— - o 1  d
R ] [ [ " [} ] Fl 1 ] . v A
= ' 1 ' ‘ ' ] [ ' ‘4
; ; " “ “ “ “ “ : a
2 : : : i . : : : “ g %
p A g p t -t - + t - T o
v.. o't 80 3] L0 9°0 S0 0 to 2°0 ‘0 00 J
SQY -379NY 10 _ gy
; . .- . . . o
_m X

<.

T e L.
LI
PONGNLAORT R X

R R AN e R ~ S AP U DA TN
-.-\.--.-.\n!- -.al - . . N L LA A ... WS -..--‘411.\4 .

ety wb-lnaifl.vbn..-bnb

Y

 dia & a + ad




% . i
- Ty
9 %
. o
- 7
3 “
) w
--, — _ - ‘4 . on
¥ - .;
. | By
.. . . * * - L3 ] % .—- v. .“‘
b (08 0°0 LOE 0°0 0°0 1R
2 01 .3
3 009 0°0 009- 0°0 0°0 eger | O 3
3
3 6v2° 1 62°1 9/1° | 21°1- 0°0 goz* | Y4 4
3 6 5
f A, -Q
¥ 009 0°0 009~ 0°0 | 1T ot°y1 | ¢
w <)
3 (1°2 295° 881* | L1°1- 0°0 oy |} - |
f 009 0°0 009- 0°0 TL°901 £1°28
.. 1) {pea) :-w Er (J9s8/ped) ( Jos/u) . X
. 85udisS|p uo3d3alp 7 | vojrdeap A X
". oau u o5uv18}p eoue} m~u od o 1} 3| 9S8D .
¢ 9-03-9 eolu sslu %
3 ~.
9 e
““. ...n.\
- erhuv Yyo3trd bursp siinsey ..“
b ) 2o
9 AT 274Y1 o
b’ ...”A
-— - = E— %
A
X
. .\
.......n“.‘..... .. .....u.... ....... ....w..-\..\.. \. e, ; .....




o

K,
[,
-\,
'
K
/
!
P e S g . S A
_ "
o s
' H d u : ' " “ : i ; : e
[] 1l . 1] ¢ 1] 1] [] $ 1 1] 1] []
[] 1] [ ] [ ] (] [4 [] L] ' (] 1 o
. : : : ' : ' ! ! : : : ' a® o
....... v-..-ulu:-:--".--s«-w---ny."..-zl:n.u::-.“-t:n-.r-..-u«u.u-nlaL:.-:nu...-u.\.-:ﬁ-..;ua-l..:m .
A e L - -
[] [] . (] [} [l ) n " u " a u A
“ : : : : ! ; : ; : i ot ; o
T e S e S B T e e & ”
= 1 ' ' . I ' ] ] ' ' . H H - P ]
. L D 0
gl R R T T T o T T T !
o A R N T S-S 1 ] ? [} [] re
S s AN S A R I
— - L]
53 i A S T bt
ooy H " g 1 ] ’ L 2
= 5 n ' ! : : : ' “ ' ‘o ! ' ' a o
R S R B MR P! o B S S A L o
b 50 e i T T T . 3
.—mﬁ FL Ml. ] ! ! ! 3 s ’ 1 ' QD [ ' ' i i .ﬂ
Seeg LG b e 3 0 2
a2 LT EEPR T R R Bty SR T TR TP LT [SPSP Wra docamn P T A [P SR SYV.4 [§) Yy
ok 7 A T Rt S S S o E S S T R N R B, :
0o E S Y S o
S - SR N TR I T T e T T O T S ° - ;
T AN Ly » ' 3 4 - \r
2 e R e e L e S o ¥
€ & : ! ' ' ' o ' i ' ’ ' ’ ' o
(o] @ p 4 H H u ' [ n ' ' ] ’ 1 ] ] .
©“ T H s ] t o t ] 1 ] . t 1 o :
L o H H 1] L] [} t [ ] 14 ’ ’ ’ . ' n .‘
2 e N ' : [« I ' ' ' i H ' H Q o 3
o L R e Al TET R T Y A [ PR beccncdononn I SR docenoe [RpR 3 ~)
> ! ! v ' ‘0 i ' ’ ' + . ' t -t o] o
- Z ! ! ' ] ¢ ’ ' . ' ¢ ] ' H (&)
—_— ] ¢ o [] ' ’ ] 1 ] ] ]
> “ " “ " [o] [} [ ] [ ] [ ] [) [ ] [} [
= [] » ’ 3 ] [l 1 [}
IS VY FUUUNS: U PIC- N SRR S AUUNE S SO A SO SN 2
e Rl s bt 1 © bt b bt S Sty Shdeb bttt b Tt bowwe= [ P, PR -
A R L A A = Q )
4 ' ' H ’ ) ’ ] (] ) 1 1 [ .-.4
' H o ] ’ ] [] t ] . [] ] [ ¥
R L N R I T U T T T = -
.- .-".s,t-‘. ............ [ Ao - Cmmmam demme= Ceemem I D R n ..... .u ..... HI 2 .
’ ' H H H ! ' ' ' ' » YT Y e % 1
A T f o
" “ [s) [] [ 4 . t ] ] ] “ " " ...
R N S S D N T N T O A A - & B
—te e s o 5
.y L] - . - . . - - ) ! A A A..
034 p°s9 0°09 0°SS (1303, 0'se o'or 0°'se D ot 0°6Z 0°02 0°st 00t 0's 00 P -
235°05/S435L 3] - NOIIUNITIIOY A
N
9
l--‘

' LS

.
NI AN

L I

Y SR AR ' : ’
'P-Q-nq.n-..q o A e et P OO




o
3 ..
¥
'\.- -A
. \...
3 -J
F*. .,
Y . .
“ . — T . S i, S g G ap— - S S o T —— — —— —— m—" S G——— ——— G G ——— p— ——
» -
F . 4
\-
, - Q ~
-.. t ] ] . [] ’ [ ] [ w ;
’ » ] [ ] i ] ] ] ) i
3 " " : “ “ " “ “ “ |
. - ' ' ’
. " " f : | | . § . o
- e cdncedecc e m—— Y . codicovormedaranmema doeveroenedoccnnena devvosncowdovecenan u.nv |||||| e i °
g H H : : : ; 1 : ' d -
i : : . : : : : 1 : -
H H H ' ' ' 1 ' ' o
' 3 . 1 ' [ ' ' ' » o
1 S S, S P B S S doeeeen doooaeen e cedeean s 0
L (4 . H H H : ] 1 ¢ 1 o
. . 1 ' ' ]
. : ! : : : ) : : : 3]
1 b H ' ’ ’ ' ' ' ’ ' X o '
2 - H ' ' ’ ' . ' H . o] @ o
. L i decma eedecccran S P, dovenmmmm demncanna [ P decavcena decacaan c-s»o-.l.ngrs
) [ \ ] * [ ' ' ' D Y
| et 6 1 . ' ' . ' ) 1 ] . «
< g sl ' . # * t ' ' u " o po
oot ’ n ” " " “ “ ' ' o
o, H ' ' ' ' ' ' ' ' [o] o
L S Jeevun ccedeccscovadencmanaa R devosooan B P devnannen [ PSR “q4-----0-1 g -4
& e : 1 ‘ : { i i 1 i o ~
Si3e " m ; : “ " " " i o S
A ] s H
s R o H : : : : : ‘ : ¢ Q0 Q
[ (LT derwaconndecannnn decarrnmcdecana casdomcano. edacaaca [ P cemdeconmee- ..l:.°|'vu+tavh [ =]
o ’ ’ : i { ‘ ] ; 1 o 0 o
e 3 4 " ; " “ " ; " ; o T 2
- '
HE L AN NN SOV NUROUNNE SUURNNNN SUSNORR NOUSR NOUOOR. OO I :
i —~ S - .» uuuuuuuu e e n ..... cul.mnl‘ccltoﬂlloldlcl":cosclul-;|n|||||" lllll m " 9 m M
_m... o num.m H : . ' H ’ H ’ o ¢ o
a o ) : [ ] ’ ] 1 ] ] o ) O
oo ; ; “ “ ; “ " “ " e
o m“ RO [ . R, decoronan I SO e docoan S A B S e ta
— = H H ' H ' ' ' 0 ¢
-« [} 4 [] ’ ] ] . = N n o
e ] [ [] [] ] ] 1 o ’
z= . " : “ | " i o | " 9 ™
M S .“v..-.n.‘:..s |||||||| [¥ [ [ P, doemmenaa I P, P T . decmcwmea —vnu [ .
’ ’ ] [] s [] G [} ] - = A
1 1] ' ’ ' ] 1 ] .
. . . " “ N " “ o ]
H H H ] ) ' o ' ’ 1] . ]
' ’ [ [ ' [} ' ' ] e 7] Y
P R e s Jommees T RREEEEEE 4: ....... pr doommmens deeeve- Lts n. 4
H 1 ' 1 1 o } ¢ ] ot ...,.
: : H ) g S ! ' ' ' .
’ ] ' ] o ‘ ] ‘ [] o Ry o
: , : ' d : i B! - S ¥
L) L] \J h-l \J AN A LJ -- -d . M
0t 6°0 8'o 40 9°C¢ S0 #°0 £0 z°0 e Do - d
33S/508 31y 10y "




.

AR SR I A

AR B w g

oy

O A AT

NC 2 e

gl

SN

~

-y

g e

. [] [ 1 [} [] 1) []
[] ] [} [} 1 1} ] A
H ] . ’ : 3 [
H H H h : H : =
[}
........ SRS ISR S . by 88
] » 1 " . ' ] — e
‘ \ ' 0 ' : ‘ 5
' ! i o i ‘ ' =8
" j ol i ; il 55|
. B i RECETEL ST ST LY - ELE LRSI ITY o bty s deemmeen g - oo -
© . “ N ; “ N =
1 ' 4 N >
.U E ' ' ra ' H ‘ ' G
\ M [ ] ' ' ] 1] . .
£ Feeoee devrameas B P Weomemonn D Y B T T demeoman S o ¥= J..
- ' ¢ o : -4 ' ] 7] U n
Z 05 : L I : ! ' : oa
g4 v H ' 0 1 H “ “ H
- S w ; deglaaad 3 : i 3 A A
Mm\v o nU. ||l||tlo“ |||||||| -nnua ||||| Ao comonon “ lllllllllllll .- llllllll ettt .-l. m m .-d
oo H H i H H ) r =
! 153
S9N m o2 : ' ‘ ! ; Vs
ST v A deeeon Grodeeeeemmn demmmeana I S < A Geemeean B . g oo ) _
€Y oy o [ [ [ ' . [ 177
a § o ) 8] ' t ' ' ' '
in bl . ' H H H H ) :
o~ b a ' " : ' ' :
(S N RO TP I - S AU - S - SO SR
&= o 1 | & P | 4
- [} [}
~ ¢ .
L an ' H : H H ' :
— - 3 [3 » [ ] t [} [3
F =Y o . 4 H H H H ; 4
hl.l m lllll %l" lllllll “ |||||||| " lllllll “ llllllll o’ - -~ aaiainied I“ llllll L- IIIIIII t- "o 4
1] [} [ ]
== g : " : ; m “ “
2z o] $
= [ : : H H ' i 1 H
e emedem e O R R <P S R PR . S 1
a : H H H H H ) :
L H , H H H H H \
a ] 1 ] [ ] ) “ [ ] “
% : 3 M 3 H ] i 4 )
SRS TR PR N E ORI U = SR SR S T O
‘ ' H ' H H H H
[] [} [ ] ] [ [] ’ [ ]
3 ) [} [} L] [ (] ]
. t ' ’ . 1 ' ]
(] 1 1] [ ] [} L] [} [ ]
2 . A F'i e re A &
. -- - . . : 14 ¥ y -
-0t 0’08 009 0°0% oo 0’0 00z~ 0°0b- 0°'09- 0’08~ 0°00(-

SYIL3W -JONWISIO SSIW

Distanc2-Case 11,

123

%iss

Pigqure 4.31

S PLELL S
.-..‘Jf .-!

Y AP

144\

J anhqh-



—— ——— a—— oy

_.. o
" " .0. " N [ ’ " '
. . h ' ? [ ' ' )
. ¢ o ' t ’ ' ‘ '
“ " ot " “ : “ “ .
- -]
” ; o} ; . . ; ; ; | &g
" - “ m m " " :
[
: : & : : : : ! ; o
. . :p\-af.o..-u-!."..---.o-nu'v....uuun.uu..u:nou.ﬂlucn--vu.“-' |||||| R e RRETTEEEY X~ .
H : D : : ' ' ' H -
s x " “ : " | : . . -
e . N ' m ' ' H . H H ﬁﬂ.
mu. eeemme e x‘“cnnnour.mnrni-..uu.ulru-vcvv.u..lvo.\\l.“nnla--nn.uqo..clnna.“ ...... L R g [
L e 1 ' ‘ . ' ' ] ’ ,4 u
= L3 1 ' [+ ’ ] ' ' ' ' o
D A ' 1 ’ ' ' t ) '
Pal s ’ ' ﬂ ' ' ’ ‘ ' H O
e 2 ; ; ; ; . ; ; ; 2 .
a = a...u ...... ..x..-.-»u..-.....|..-||u||.m¢||s-..u.-nuuuunl .|n<---u-.“-n--|||....--nuunu...“'vav»ao-...unu\-u-fAr o
G =0 § ' ] ) ) ) ] ’ -4
5 HS ) ) o t ’ []»] ] ] 1 1] [ ) o™
a4 4 i ' ' ' [ ) [l [l a
L =] ! H ] ' : ' H H : Q <
T e 2 B D etk L e e T TF T P e pIr JRppHpI P PR R & .K
— ....HL o Mu u " [] 0 [] [l ] [] ] [}
w LG “ " T : m ' ' ' a1
l'l“ [ o Fs ) (] [} t ]
5 & : “ i ot ; " ; | “ Q &
m e —\u.u. ..-....caun.“-.. |||||| .“» rrrrrr v.“c......nm-n.“onnuuuncunvu-un..-.“nnt..'|||.“|..|u-vn-gn'onuuuu.....c ||||| =
@« & ' ' ' o, ' ' { ) : g
- X ' ' H nmu ' H : ! !
2 ad H T ' v D H \ H H : Q ™
[ H ]
mw = SRREEEEEE LR LR Aoemeam wdeo - |||."||°.-|||.u..c nnnnnn R e MG E LR LA T TR TRREEEISEE 27,] iw
= Z ; “ ; b %ol " " ; ; o
m ] ] 1 ] R ' “ ' ]
— .m L“ “ " ' D “ ] “ n o o
e u|||lno..|“|:ocrr..l.—.||||0;|u.“uultlltl...|1cu‘|m|." |||||||| L.-: |||||| .“llnoavrvh.rrnuvunrtuw u
! ! ! ! ' ) ! ’ ’ o
! H H H ] .Q ] [ [
H . o 3 [} [} el
" H “ “ ] [} o [] [} (] o
S 3 J H i ) : : : B
- : - -)\.llol lllllll rataii l!lLo llllllll L—ll‘lll'l-l lllllll L-ulllilll.“ llllll l.nllllllllAls
] ' ’ ' ] H ' o ' 1
" : : i : ; { - d :
' ' : 1 " “ " " o " Q
' 1 . ' H ' H ' O S
v Y Y T ! % e —— ¥ * ‘
05°Q = ) ok°a s¢°0 oco [~ 1] 0z°'0 G0 ot'o S0°0 00°'0
SOY -3719N” N0y

' .
[ N LR .,
. IO ~- A8

’ ¥, 2 A '

4




e e AR
“... VAN N ET
X .31
. IONLA S
g
y,
O
. S
W. N .-.,
£ ! o
w.. [ - "
3 | : H : ; .
3 ) ! i ' ; ; : : 2
. s ' ' H : H 1 H ' —- -
A e hcomaee r ’ u ' 1 H ] H ’ a B
\ Pl bt | SR J ‘ ! ' [ ‘ ¢ o N
. i it Lttt Leveconn ] ' H s p

) H hiataiataitdr Stttiating [ A 3 n “ o o
1 H ’ ' ! itk LS L | S H b o 0
[ H [} ' ] H [} “ 1 bttty aQb----- .2 e
_ 1 ' ¢ H ] H “ H 1 H o ! “re . A
o T SR AU SRS SUUNE SIS SO P e o
) ’ cecedenecce- [ ! t ' ' ‘o ' ! - .
—_x : : A M baoooon dood b ! “ A
"o ; " T R A St i S X a
s S b Coeeeen R P H ! : ¢ ! b ' - o
Zz g ' H boverondonneana H ' ' -w_u H ] (31 s
(=] ] O N 4 N H ' feccaeen R .“ H H 1 R
— = \ H ' H ' : ' f----- = D 2 ' o 2y
= 2 uwn H ’ H ' H ’ H ' o | yoom beceuo- . b a e
t c™~c |- H ' H ' ' ’ H - | H ) ' T8 o e
m— - 9 Rtk decocnao H. H H ' ' o : ' i -
Wdso i ' R S i : d ‘ ! i M DX
o« ~ I s 1 ! ] ' y ST [ W ' ' ' ,
5@ Q5 ' H ' H [ H ' ‘ cebcmeroa . ' o o« ot
0%o : H H H ' H 1 DD ] H ittt Lowoene %um. e o
T Q - Leacome .n ' “ ' u o ' H u H o .
=S H deemecae R e ' H ' H ' H ' —
~N 5 Li n H » Fataiaiadeted fmcome e P [+ ] H [] H [} ® .
— ! ' ' 1 A ' Yyt MU ) ' H .
~HE L " : " : “ R oo T : b u
& = Lt ] ! ' H ‘ L ' ' ] ¢ N e -4 N (4]
BEw | I A P =
@ & ' Fataabtd [ 1 ' : ' ! ' H ‘
= [ H ! jm - teougy-d \ H | H ' s}
& ! ' : ! R S A boeemes demreees b d ] ° -
g5 u ; ; A L “ " A e A 18 s "
_— g7 [ 3 ’ H ] []
-z H rfataiutadate | S M O ' ) H H ! o
= - ' H ' e R B A 1 H . ' o
= H ' H ¢ O H ittt beooe-- Jecceoma ! ' o -
— 1 H ' 'Q ' ' ' it demenen e | = n
....... s : @ } ' ' : . ' Te o
. R bl teeeged . ! ' ' H v
s Peiaiiel - iy S [ ¢
’ ' 1 O ¢ T deoneeo L ! ’ H
' H o ' H y o7 oo | S 4 o
: ' 9 ' i ' i ' T e ts
....... S JUL | : ! ! ! ' = m
" 1 [« TORS P P "u N ' “ [ ™
' ¢ D } T N . H ’ H *
H g H H [ R R R | ] o =
[] o ’ [] H " ' Y | »
H Qs H H ‘ ' H } H " v
) S - S ®
0z8 0°0f 0°00 006 0°C9 v H H t ‘ ' : o
0 -1 } 4 H H ' aQ
uuw.cm\mﬂ_u._.ua PSP P A PR Sp. d g
N - NOTINN3T300Y oot 0%0 a




ERA e R b i

<

e ]

OO

llllllllllllllll

s

- .. .‘r ‘.I LS -.' « ‘- . A - “b “- T et e - .
. LTI YRS AP AP P AL L I B I L I
AR atan s T e e T e e e e e e e N T e LY

P s SAL NS AP SRR T Y

werovsessdevesnccvdevvcvwsndoevavanrndenrrvrccdancnncncdanccnrnnrdavcarrcnndirnccna

DR

bocamestoncscavhacsana

D e R el e el D B R R R R el s L L T T SySpU Py

Lecccvohoncnnctnccnnctbeccaca]

wwnsecocsdosrncsncedernnrrendevrvecocndecrnanvadecncrcrrrdaccrrrcvdecannsvndevmscrnscdecsvas

casshecorsanha
)

)
»
]
'
1)
]
[
'
'S
)
]
]
]
t
1
J
'
bew

L N L) vonecvcvevndecsocrnscnecdacecerrncaderrcremcnedecrcrrvnndenca e

concbocsoncssbecsvecbhrrconcthoncrcctbecanvas

12TH CASE
INITIRL TARGET ACCELERATION- -1, G
126

- - - ——- B

woshoecnncobacssncboesasccbanwvesbanvcnsbocases

Commanded Roll Rate~Case 12.

SAMPLE PERI0D-0.05 SEC

- ———— cwrmecrcscdecocnccvcadrcccnrcrrdrcnrnsrndoencnsnne

INITIAL TARGET POSITION=200 M

~alb

beccnenbacvwcvcbessencboarvavbenconstbsesaschonavachacwsaccbavecns
brccvsshocnacnsbesvaachosacnwahnanavasbessonchosnvoechancsnchescsa el

|
4
]
4
]
i
]
[}
]
one
\
1
1
1
1
'
]
1
L--.---L.—-...L--.---}.---.-L------L..--.-

1
[}
]
.
L
]
t
('
1
)
|
]
1
1
'
]

Ltecsssenb

Figqure 4.34

esccanhossvovebhocacachonsserhennvoanbereccnvrbosnrsrcbrrcccvsbanscecbheasans

enecwab
G ossvsahasavsak

i D
i
r------

ot~

9'0 0 0 o z'0 1o 00
33S/50¥ -3Iby 10

-]
.
Qe
~
-

PR ANI A RO R AL SN

Pl )

PRISK, 3 0

.
.
L P W PR

oy o

-

LRCPUN \\1\ f... MRS - S .l(ﬁri\- P AT R R AN A M PR R Y . WIRA NN G AN LSRN T R . T e I P -tnfonf
U F--..p r‘ e \ \- \- - A -.a--.'cnn-- \--.A.-un C'I‘ﬁ ..-..-.. ..-. ‘v .--.n N ' 1.\:\*\0\-)““4\.«. ....‘-.-\.- .-~1-- N ,.. .--.. .---J-- d \,'. AR S ..r_w..-... v, ...._....a-\ 7- Iy o. ALY ..-- F 4N .
v h Y . _- . < TN * 3 NN *, MM . BEEIAY DN . YA AERENCATATS A RCARAL A " ‘e



—— -
K

< ————— S S
RN O U .
v [} [} [ ] [ [ ] .n [}
‘ cevonauborrasrdacacao crccmecbocvorerdecas c“boveras - -
4 l”l'llll-ﬁ n- 5 [ 3 (3 m m
- ,
(! h t ’ rd 3 1 e e P
. S L] T - - b - coevvvweboeas cedevvavscanbacvean - - -
- -
£ beconeed [ 4 [ " - ~N
. a o0 -
. [ 'Y [} ’ o ’ ] '
baeeeoo
e rmerbenacccdeaa [ X4 - besrmvedevcenmncaboawene [ S, .- (L] | el oo - (]
(] -—— —ewe— ot 9
- [ 9 3
[] ¢ b u errechboacccvedecnncvebac - cdeccncnabecccnecdrnrncnnbareran [ - -a
» [+ =d 8 o H ' H - ] ] H 1 h #
. (& (=] l(|‘ll|-0-|lll.b-ll|a|l'l -+ coenvcobeccavncaden P Coowas ll; 0 o -
P T P -
Q - 1 o
’ (L] (M} R el [ JES mrmemabeccawado. - {
x© [] H .n- h » - -- - Lol Sl d ---- =
voreode - IS
= cermecmed-- Y 4
mm IIIl|l|”lblll.§|llllll'll!lIILIII!Il(FlIIOIlL! - P % - [ S TPy n
Py [ 2 -
PR Ty Py -y
- - ol ocvecccdosmcnnalocracedacaa . R e Y T brrvrerdesans —wa .~ - [ }]
& - -k
-
- o EEN 3
csvmanbocecsccdavcncnastbosrcnvasdosncsccbonanaad P S, b ae=e- PR % - J
L x -
- e
-
dowa -
Y XY
mN
°




Q
-
: ; ; ; : oy ] 1 “ |
' N ' ’ ' o ' * '
! ' 14 ' o! 1 1 ' ,
s } .* ] al .— b .m a
cccccccc dowmoow-d nnono..u-.“-nncuunc .4||c|nn...n|..olluvm.“c..au'cul R A ettt LT IRt 1ﬁ
: : ' : H : | _
) H H : H o; : ‘ :
) ’ ' ‘ ' 0 . ' ' % o
uuuuuuuu decaccmccdenacccnndarcmemcndecccccendeccacefdencinciadeccaccccdeanncncaderrenen-dO
(<] [} 1] ’ (] D- [] [} 1] -« L]
[ [ L] td ’ ] 1 o~
: “ “ “ _ ai | | : 8
— ’ ' ' ) a, ' ' H o
' g d : 4 B I S R deeeee doeas deeen : o
S, T R dooeemee adomeon - o “ " " + 4
z G H m i : i o ] ' : o
ez : ‘ : : ] o ' : ' o O
=Sw Lo e LI L eeeaeen B I LI Do, iz A
« 2O ] ] : 1 ] ' : i "
'R m — ot ! { [ { 1 ' 1 -
["2] n " ] ‘ ’ H “ “ ” o
SHEg “ " “ ; '} “ “ “ a 2
e Q a [= B S dewvonrrae duvromarndrovnvvan dowacmena B .‘ ||||||| [ PR — dowrmmo=e doconsca-d, -K
O [ t ) [ 1 a ' ] [ Y
- oy e H ’ 3 ] t ' ' ] 1 ~ o
[™] ] [ 1 ) t (=] [ ] 1 — ~
o~ [ ] ’ ] ] [ ] 1 ' ]
— g 0 [ » ' O ' ' ; [} -
L = { ' 1] } 1] 1 ' [ ! Q o
[ 20wl 7S R . [ P — [ sredecovocce dececcmnn U defFeeean I deconocons docamem = ¥
[ 4 . | ] ] ] ) 4 ''n ] [} [}
[ = a. ] ] ’ ] ' ] “ ' “
~ZE ' : H ! H i a ' H ]
T ' . ' ' H ' a ’ ' ' o 0
1 ,, 0 . ] [ 3 ] ] g [] ' .
«,, f[----re-- P T T p——— [ IR . F T raep—— [ P dommea B-deccccmna TR B - m
— [} [} [} (2 [] 1] ] [] ) - [y
- = ] . ] ' 1 ] ] ] [] -
- | : * : : m nv _ ]
=z H H ' { ‘ i O ' .m Q o
llllllll Lllrltprv..lt..utqo..Ll|||..||lLl|||||l4;||vlllltbllll(||.....||.utlll..u||l|||u Y Lt X -3 [¥]
| " “ ; . : BT : . 8
[ ] [ 1] []
" " " " “ " L “ 2
: ; ; ; “ ; } I, 2 e
llllllllll veeswemdarvauwws e dovasnrmvowdocrccercedaccrermrndaccnacnentenmerne el e - - - |‘l"l-|-‘.ls
: i | ‘ H | : A - I
. . " “ “ “ " Poo
' : ¢ ’ ' ' ' p Q
i ! [ i ' ! i : 1 G -
LB i L L] v L} L L] io -
0s°0 S¢¥°0 ok 0 st'e ®o sz°0 oz'e st°o oo s0°D 00°0
SON -379NY 10N
L 4
......l\-~.n . LU Ny N AR L . ST Y, ~ g e N R 3 LI PO L S N R IR .-p!
CIEANEE . DODDR0D NGOG WAy _ RN - ARNTANY (XA Bt TR PR



I - , -
28y | coz° 69'v | T10°1- 0°0 po-1 | H
21
002 0°0 002 0°0 gog* | gz°go1 |9
c8'z | vse es'z | 1e8°1- 0°0 809 | 1]
n
001 0°0 *007 0°0 229° | 10°6s |0
") (pey) (n Alr (J08s/peJy) ( d0s/w)
asus)sip uo}10945b 7 | uogidesid A
Mﬂwl 8sJuels|ip QUCOMO (e} ua U‘ “ 8‘0
93-03-99 HH
ss|u
3deoiejul 03 3wWIYy 3O 3Id003IIW
A d716VlLl
505, - DR COS s YRess KA

129

P IR PR
e et e

Tvcwvxx




."'T e Yy "r . - "“- ""V' By L
'\W"( CARH a8 T A RAINL OIS AR Sl i BT A i S R SR AL 4 S0e s aaa- e e

V. FINAL CONCLUSIONS AND COHMENIS

The scop2 of the present work was the development cof an
optimal digital control %o be appli2d on a bank-%<0 tur:
missile.

A tvo dimensional mod2l, as sugast2d in refzcence 1, was
adopted. After the digitalization of the corn+tinuous model it
was necessary *o0 solve a modified Rica%%i sguation since ina
*h2 state equation there was a *+hird <+erm Cepresenting <hs
gravity's effec+. The approach tha%t has beer adopted is new,
and although goocd results were obtained for +he sceanarios
considered in this work, 1is necessary that the algorithm be
further tes<ed and a2valuated in siailar problems dues to its
novaliy.

'-‘0

The optimal was solved wi<h 21 ini¢ial restriction ¢

(§]

()

small angles. This condition was later relaxsd sc tha*t larg
zo2ll angles couid be analyzazd.

I+ is dificult to compare the prss2arnt worck with preavious
casults since S+allard has indicated 2 mistake in his orig-
inal paper, and further works in this area was act found.

However some comparison with Stallard work is possible
Tha ccmmanded acceleration ¢f <the aissila ars such as to
corsect the ZEM at each poin%, +his agrees with tha* refer-
ence.There is a proportional r2la<ionship be<wesn <+he
commanded rcll rate and the commandszd accelerazion , and *he
commandsd recll rate is proportional to the defined sﬂumd/ a~

each point, which again agrees with referenca 1.

The algorithm davelopsi ir +his work regquiras ex<ensiva
ccmputazion at each step, and is cl2ar <tha* some sof%wars:

cptimiza*ion will be needed.The motiva<ion £for consiiering
th2 constant tzady-start2 gain 3Juz +*o gravizy was <%0
dscreas=s this computational burden. This approach howeve
o2sulted in unaccap+able miss distanca.
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Another point of investigation that could reflect or *hs:
period available to *he computer to psrform its calcula*iorns
was a change in *he sampla ra*e. T#o different sample rates
war2 inves*igated, both 1lead o larger errors <han +the
nom:nal period of .05 seconds. A detailed study cn “his
issue is 'left as sugestion for future works, since scme
optimal value of the sampling rate is clearly indicated.

I+ is important to ks2p ina mind thzat the aodel adoptei
is two dimentiral, while the actual problzm is “hree dimen-
sional, thus some brief studies w2r2 conduc+ed in order *c
check the region of wvalidity of ths 2-D.

In the analysis of the pitch anyle, one car see *hzat is
n2cessary <*o have small varia*ions in pitch in czdsr <o
approximate it as a cons*tant. Howzvz2z, a+ the momensz +ha=
=<his angle is different from zero, as explained in chapte:
4, 1+ is possible to have in the flight path rz2fszr-encs frame
a target manouver in the Z diresctiosn that will lead <o large

acceleratior zommaads, l2ading <th2 1aissils t5> 1large miss

dis-ances, when considering a movable target. When +he
p-esent sys<em was +“ested test24 agiiast fixed targers, <he
z2sul+ts were gyuite gcod, this sugy2sts the applicaticn of
<h2a model in air-to-surface missiles.

Fur+her iavestigation were madz on the effac< of time-
o

+0-go. As expected, decreased =imaz2 < go, Tresults ia
increased miss dis+anc=. A de2%23ilzd analysis of mor2
complex scenarioss is needed ir ordsr <o properly define *he

effact of time to0 go.

Alsc, it would be interes+ing %5 ex=end =he nodel to
<hsze dimensions aad include “he =2£fects of lags on the
system in futurzs works. Finally, in appendix a, +the
ccmputer model usad in this work is saclosed. Some improve-
ments in this program can be done, maialy in *he daza intro-
ducs+«ion, and ia som2 optimization of tha2 running tinme.
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APPENDIX A
FORTRAN PROGBAM

These appandix provides a 1listing of the computer

program used in the present study.
Since the routines used are non-IMSL, and a2 small change
to dJdouble~-pr2cision was necessary, thsy are also Dbeing

provided.
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